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ABSTRACT OF DISSERTATION 
 
 
 
 
MUSIC TRAINING AS A NEURO-COGNITIVE PROTECTOR FOR BRAIN AGING: COGNITIVE 
AND NEUROPSYCHOLOGICAL PROFILES IN PROFESSIONAL MUSICIANS 
 
 
The proportion of older adults living with cognitive impairments is increasing 
rapidly. This shift will likely increase mortality rates, reduce perceived quality of life, and 
cause economic burden to patients and health care systems. Currently evidence of highly 
effective and noninvasive interventions that prevent or slow the onset of cognitive 
impairment are limited. This study aims to better understand what drives cognitive aging 
variability among musicians versus non-musicians. Music playing has been shown to improve 
brain and cognitive functions by engaging networks of brain areas, simultaneously involving 
cortical mechanisms associated with executive, high-level cognitive and motor functions, and 
multiple sensory systems. Literature suggests strong correlations between cognition and 
music ability. However, studies in the past have not concretely operationalized music 
training. Here we test the general hypothesis that music training improves neural 
mechanisms associated with core cognitive functions (e.g. working-memory and attention).  
 
A multi-source study was designed to control level of music involvement and genre 
by examining professional, classically trained orchestral musicians, establishing cognitive 
and neuropsychological profiles in an effort to better understand the potential for music 
training to protect older adults from cognitive decline. Specific hypotheses involved 
attentional inhibition theory and increased ability of musicians to perform attention and 
working memory tasks. Twenty-nine professional musicians were recruited who completed 
five neuropsychological exams. The scalp electrophysiological signals from 14 channels were 
recorded wirelessly while each musician performed a modified delayed match-to-sample 
task, imagination of music playing, and resting states. Musicians completed 
neuropsychological screening (MoCA) a music and life span questionnaire as well.  
 
Musicians tested above normative ranges in cognitive ability indicated through 
MoCA. Musicians’ scores were compared with average or normative scores of participants at 
similar ages in previous studies using the same measures and current musicians performed 
significantly faster and more accurately on four of five neuropsychological measures. 
Regression and ANCOVA showed strong positive correlations between theta oscillation in 
bilateral frontal sites (F3, F4) and both number of years of private music lessons and number 
of hours of music practice. Correlations between EEG recordings taken during music 
imagination exercise at posterior (01, 02) sites and the number of years of private music 
lessons participants took, the age participant started to take music lessons and the number 
of years they played their musical instrument were found. Current new findings reveal that 
professional musician’s cognitive scores and neural activity are associated with superior 
cognitive ability via enhancement of neural mechanisms of current target material and 
inhibition of distractions.   
  
 
 
Music training is a promising noninvasive method to control cognitive challenge, 
which merits further research to determine how it can be used as a beneficial cognitive 
training method for aging individuals. Future studies should examine neuro-cognitive 
differences between professional musicians and individuals with lower levels of music 
involvement to examine dose effects of music or the amount of music needed to protect aging 
adults from cognitive decline.  
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Chapter One: Introduction 
 
There is large individual variability in cognition throughout life. The search to 
discover what influences cognitive ability in older adults and what factors support optimal 
cognitive aging is important to our aging population and health care system. As we pay 
closer attention to the details about older adults who maintain optimal cognitive ability we 
begin to better understand variance in cognitive ability among older adults. This research 
becomes crucial when we examine cognitive impairment’s influence on mortality rates, 
quality of life and increased socioeconomic burden to older adults and our economy.  
Evidence shows that cognitive decline is associated with mortality. Cognitive 
competence can impede early mortality; individuals scoring in the lower 25th percentile in 
cognitive ability have a significantly higher mortality rate than those ranked in the top 25% 
(Bosworth, Schaie, & Willis, 1999; Dewey & Saz, 2001), therefore intervenitons aimed 
towards protecting inidivduals from cognitive decline will decrease mortatility rates. 
Cognitive impairment also has profound financial implications for our economy and health 
care system. Estimates suggest that, on average, between US$30,554 and US$43,259 is 
spent annually on each patient with dementia (Akerborg et al., 2016; Schaller, Mauskopf, 
Kriza, Wahlster, & Kolominsky-Rabas, 2015). General cognitive impairment due to 
Alzheimer’s disease (AD) costs our U.S. economy approximately $307 billion dollars each 
year (Zissimopoulos, Crimmins, & St.Clair, 2014). The consequences of increasing rates of 
cognitive impairment, which include augmented financial burden and increases in early 
mortality, may become unsustainable without research aimed to discover protective 
mechanisms for cognitive function. Most importantly, individuals’ quality of life is 
negatively affected when they experience cognitive decline (Godin, Armstrong, Wallace, 
Rockwood, & Andrew, 2016; Miguel et al., 2016). These effects are even more alarming in 
when considering the proporotion of our older adult population that is affected. The Census 
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Bureau reports that one in nine people over age 65 and one in three people over age 85 
have cognitive impairment (Ortman, Velkoff, & Hogan, 2014). These numbers will become 
even more impactful if estimates suggesting a 105.2% increase in the United States older 
adult population by 2060 becomes the reality.  
The financial burden of cognitive impairment in the older adult population could be 
attenuated with a delay in symptom and disease onset. If the onset of AD could be delayed 
by 5 years, there would be an estimated 40% lower cost rate of AD (Zissimopoulos et al., 
2014). Delays in onset would substantially affect quality of life for older adults and their 
loved ones. Fortunately, specific markers in an individual’s lifestyle have been shown to 
produce promising advantages in delaying onset and protecting individuals against 
cognitive impairment. 
Existing evidence of cognitive aging variability supports research aimed towards 
discovery of why variability exists among older adults. Research on cognitive aging thus far 
has identified multiple factors known to influence cognitive performance in old age 
(Kramer, 2004), including level of education, amount of physical activity and nutritional 
intake. In addition evidence suggests that cognitively stimulating activities protect against 
cognitive impairment (Verghese et al., 2006) or delay the onset of impairment(Hall et al., 
2009). Research suggests a link between increased participation in cognitive activities, such 
as reading, playing games, and playing a musical instrument, and reduced risk of developing 
dementia (Hall et al., 2009; Valenzuela & Sachdev, 2006; Verghese et al., 2006; Verghese et 
al., 2003; Wang, Karp, Winblad, & Fratiglioni, 2002; Wilson et al., 2002). These activities 
shown to influence cognitive impariment (e.g. education, cognitive stimulating activities) 
have one universal commmonality, which is that they produce challenge for brain and/or 
body. Regardless of an increasing older adult population and resulting cost, research aimed 
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towards discovering what types of challenge are most proming and how cognitive challenge 
can effect cognitive impairment will effect individual’s quality of life.  
 The current research examines cognitive challenge, through musical training, as an 
influential factor of cognitive ability in older adults. Music was used to control levels of 
challenge and investigate potential effects of music on cognitive and neural signals of 
participants. Investigating music’s potential to protect older adults from cognitive 
impairment is promising because music playing exercises cognitive domains such as 
perception, attention, memory, and learning processes (Campbell, 1991; Sherbon & 
Miklaszewski, 1987; Sloboda, 1985). Playing a musical instrument is a complex cognitive 
task that simultaneously involves the recruitment of multiple sensory systems (visual, 
auditory, tactile) and motor function (Gembris, 2002; Gruhn & Rauscher, 2002). The 
recruitment of these different domains is necessary to play a musical instrument; intricate 
coordination and communication between the systems, requiring concentrated attention, is 
also necessary. Because musical activity places many unique demands on the body and also 
recruits multiple areas of the brain at once it has been studied as a model of neuroplasticity 
(Altenmüller & Furuya, 2016; Altenmüller & Schlaug, 2015; Bidelman & Alain, 2015; 
Groussard et al., 2010; Lappe, Herholz, Trainor, & Pantev, 2008; Moreno & Bidelman, 2014; 
Wan & Schlaug, 2010). Proposed effects of musical training allowing musicians to more 
easily recruit mechanisms of neuroplasticity may help explain correlations between musical 
training and cognition (Amer, Kalender, Hasher, Trehub, & Wong, 2013; Gooding, Abner, 
Jicha, Kryscio, & Schmitt, 2014; Grant & Brody, 2004; Hanna-Pladdy & Gajewski, 2012; 
Hanna-Pladdy & MacKay, 2011; Krampe & Ericsson, 1996; Meinz, 2000; Moussard, 
Bermudez, Alain, Tays, & Moreno, 2016; Schroeder, Marian, Shook, & Bartolotti, 2016; 
Strait, Kraus, Parbery-Clark, & Ashley, 2010; Zendel & Alain, 2012). Although results 
suggesting musical training prevents cognitive impairment are sparse (Bugos, Kochar, & 
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Maxfield, 2016; Lord & Garner, 1993) evidence is building and the case for music to be used 
as a cognitive training program to prevent cognitive decline is becoming more convincing, 
widely accepted and of interest to cognitive scientists, clinicians and gerontologists alike.  
The current study investigated the potential for musical training to be an effective 
method to reduce cognitive decline in older adults through three specific aims. Specific aim 
one was to collect data on musician’s cognitive ability through neuropsychological testing 
and compare participant’s scores with normative data in literature. Specific aim two 
included examining neuropsychological testing scores of musicians based on predictor 
variables derived from a music experience questionnaire in an effort to examine within 
musician differences, for example differences in participant’s cognitive ability based on the 
type of instrument they play. Specific aim three incorporated recording EEG signatures at 
various time points and examined correlations between EEG recordings and predictor 
variables and EEG recordings and neuropsychological testing scores.   
By operationalizing and controlling music involvement in the research and 
collecting a neuro-cognitive profile of professional orchestral musician’s specific gaps in the 
research were filled and the body of literature addressing this research advance, towards 
discovery and future development of protective mechanisms of cognitive decline.  
Cognitive challenge, music, and connections between these two core concepts was 
the concentration of this dissertation. In chapter two, cognition is defined and life span 
changes in cognitive ability and necessary connections to neuroscience are addressed, 
followed by theory behind why age related cognitive decline exists, and coverage of 
cognitive and brain aging. This chapter served as a backdrop of core concepts being studied 
in the current project that encompass cognitive challenge. Next, we address the mode we 
are using to study challenge, music, and discuss specifically why music is a challenging 
cognitive activity. The end of chapter three delves into study design and the novelty the 
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current project brings to the literature by proposing a model of music engagement levels, 
spanning from the lowest levels of passive music exposure to the highest levels of active 
music performance, which we suggest is found among professional orchestral musicians 
recruited for the study. Differences between musician and non-musician brains are 
explained based on previous neuroscience knowledge, and the chapter concludes by 
drawing connections between David Snowdon’s research design and the current research 
design. The next chapter includes a brief background of relevant research that used 
electroencephalography (EEG) measures; this chapter introduces EEG as a measure used in 
the study design to supplement neuropsychological testing measures. Presentation of 
research using brain imaging methods to study cognition and music will connect behavioral 
research results presented in chapter two (cognition) and three (music) and support 
current research hypotheses of specific aims surrounding EEG measures. Chapter five will 
explain study methods and specific aims and chapter six will cover the study’s results, 
largely encompassing summary tables of regression and ANCOVA analyses of both 
neuropsychological testing and EEG recordings.  Finally, a discussion chapter will 
summarize and interpret study results and suggest future directions for research. 
  
 6 
Chapter Two: Background on Cognition Literature 
The general focus of this research is on the relationship between cognition and 
music, therefore, the basic constructs of cognitive ability and musical ability will first be 
discussed in an effort to holistically understand basic concepts. This chapter encompasses 
background information on cognition, presenting the brain functions responsible to 
perform cognitive abilities and how cognition changes throughout the life span. This 
background establishes a necessary foundation for subsequent discussion on how these 
processes are potentially altered during life span music engagement.  
The mental action of cognition is a principal human attribute that we cannot live 
without. Cognition can be defined in a variety of ways, from general thinking to acquiring 
knowledge from the environment and sensory systems, or simply intellectual ability that 
generally involves memory, attention and learning. It also involves domains of processing 
and language acquisition. Although there is overlap concerning the regions of the brain 
involved in recruiting these different cognitive functions, there is also some specificity 
depending on which cognitive ability is being discussed.  
Defining Cognition 
Cognitive function is difficult to lateralize (Kempler, 2005), or to define which side 
of the brain a specific function is responsible for, therefore it is more feasible to map the 
cortex of the brain responsible for cognitive functions rather than the brain hemisphere 
involved. The combination of neuroscience and cognition, or cognitive neuroscience, studies 
the association between brain structure and human behavior. Mario Bundge stated that 
cognitive neuroscience was “Progress beyond ‘mindless neuroscience’ and ‘brainless 
psychology’ to a true neuropsychology” (Parasuraman, Zeithaml, & Berry, 1998).  
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Mapping Elements of Cognition onto the Brain 
Cognition is most often discussed as being controlled by the prefrontal cortex; the 
prefrontal cortex is associated with high-level cognition or complex cognition (Bengtson, 
Gans, Putney, & Silverstein, 2009). Complex cognition involves episodic memory, reasoning 
and spatial abilities (Verhaeghen, 2011). More specifically the anterior cingulate gyrus 
within the frontal lobe is a key component responsible for attentional control (Parasuraman 
et al., 1998). Attention can be defined in various ways as it involves a system of functions; 
attention is the ability to filter out unnecessary stimuli to the task at hand and attend to that 
information that is imperative to complete the desired task. Cognitive scientists state that 
processes of attention involve nearly every brain structure including striate cortex, 
prestriate cortex, medial temporal cortex, inferior parietal cortex, frontal eye fields, 
prefrontal cortex, cingulate gyrus, nucleus pulvinaris, lateral geniculate nucleus, substantia 
nigra and superior colliculus (Leclercq & Zimmermann, 2004). Attention may involve many 
different brain regions because it is linked to every kind of cognitive and perceptual or 
motor action. The use of attention makes each of these actions possible and each of these 
actions have different brain region representations (Leclercq & Zimmermann, 2004), 
therefore attention cannot be localized to one specific brain structure. In summary, 
attention is necessary to perform other cognitive tasks effectively (Gazzaley & Nobre, 2012) 
and is therefore localized in multiple brain regions.  
Research using interventions targeted at memory processes have generated 
knowledge that memory is supported by the prefrontal and temporal regions of the brain 
(Bengtson et al., 2009; Kempler, 2005). In particular, deficits in memory are often linked to 
damage in the hippocampus (Kempler, 2005). Processes categorized further under memory 
ability, such as encoding and retrieval of memory, are controlled through the 
parahippocampal gyrus (Yinger, 2014). These processes are carried out through the limbic 
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system, which helps organize memory practices through its complex system of nerves and 
networks involving the prefrontal and temporal lobes, which work together to trigger the 
processes of memory (Kempler, 2005).  
Learning, more commonly studied in child cognitive psychology, is completed and 
organized through the limbic system as well (Kempler, 2005). Learning novel concepts or 
tasks, in particular, heightens regional brain activation in the prefrontal cortex (Greenwood, 
Parasuraman, & Espeseth, 2012). The thalamus, located directly above the brain stem is also 
used for learning (Kempler, 2005). The cerebellum, located near the back of the brainstem, 
is involved in learning complex movements such as playing instruments (Yinger, 2014). 
Processing, another key domain of cognitive functioning, like attention is localized in 
multiple brain regions, although superior performance in cognitive testing is linked to 
controlled processing and greater use of prefrontal regions in older adults (Greenwood et 
al., 2012).  
  These various elements of cognition (attention, memory, learning) are completed 
through input acquired from five sensory systems (tactile, taste, smell, visual and aural). 
Cognition cannot be discussed without mention of these sensory systems. Often scientist 
define cognition as the knowledge and information obtained from the environment through 
the sensory systems of the body. The primary sensory systems connected to cognition are 
the input received from aural, tactile and visual stimuli. The body would not be able to 
complete the cognitive task of learning without aurally listening to sound; some of the most 
important information comes from speech and is processed in the Broca's area of the brain. 
Tactile feedback sharpens and refines this input through physical practice with the 
information we receive aurally. For example, when learning, typically information is 
presented aurally, as perhaps a lesson on how to add and subtract or what happened in 
history during the 1950s but writing notes on the history and physically completing the 
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math problem using tactile touch from pencil to paper reinforces the information and 
allows us to process, encode in our memory and therefore learn the material.  The cerebral 
area of the brain receives information from the thalamus related to touch or tactile 
feedback. Without auditory input and tactile practice, there would be no processing, 
memory encoding or learning, all three of which are cognitive tasks. The secondary 
somatosensory cortex located in the parietal lobe of the brain works with the primary 
somatosensory cortex to respond to sensory stimuli. The primary somatosensory cortex is 
sensitive to touch and pain, as well as the movement of our bodies in relation to where each 
body part is located. In particular, the cortical homunculus, often known as the sensory 
homunculus located in the parietal lobe, is responsible for cortical representation of body 
parts (Kempler, 2005). 
Stated above, cognitive function is made possible through the body’s sensory 
systems. This interconnection, between the sensory areas of the brain and cognition, is 
carried out through the parietal lobe, which is sensitive to movement specifying a 
connection between motor activity and cognitive function. As individuals age, aging-related 
changes occur functionally and structurally within the motor system (Cristea, Vaillancourt, 
& Larsson, 2011). Longitudinal studies have shown a strong relationship between physical 
and cognitive functions, and connections between these two functions may be important in 
facilitating clinicians and researchers to detect cognitive decline and in determining specific 
groups of people that are aging at varying rates (Clouston et al., 2013). 
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Figure 2. 1 
Reference Brain Diagram  
 
 
 
 
  
 
 
Methods of Mapping the Brain 
Much of what was known early on about cognitive function and corresponding brain 
regions we owe to patients who suffered from brain damage, split-brain patients, patients 
with brain disease and pathology that has progressed, and those who have had 
hemispherectomies, lobotomies and various other invasive procedures. More recently 
brain-imagining technology such as electroencephalography (EEG), functional magnetic 
resonance imaging (fMRI) and positron emission tomography (PET) facilitate our growing 
knowledge about the modularity of brain function.   
 
Life Span Human Cognitive Development: Young to Old 
Although phrenologists continue to map the brain there are still many unknowns 
and different theories implemented during this mapping process. Some scientists study the 
brain with the perspective of holism, which is a theory stating that the work of the brain is 
allocated across many if not all structures and that no specific behavior is associated with a 
narrowly defined region (Kempler, 2005). Contradictory to the theory of holism is the 
theory that encompasses localization of function, this theory states that specific brain 
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structures are allocated to carry out specific behavioral functions and not activated for 
others (Kempler, 2005).  
In summary, the region most involved in cognitive function is the prefrontal cortex. 
Although the prefrontal cortex and other various regions seem to be utilized to perform 
various cognitive domains, research findings also suggest that different regions of the brain 
are utilized at different stages of cognitive skill learning and aging to serve various roles 
throughout the life span (Bengtson et al., 2000). The involvement of brain regions for 
cognitive skill implementation varies depending on the difficulty of the task at hand, an 
individual’s level of expertise, and the type of task being performed (Bengtson et al., 2000). 
The stage of cognitive development a participant may be at within the life span influences 
their level of cognitive ability compared to other individuals based on age.  
Within this life span of cognitive development individuals have various thresholds 
of mental ability in various domains of cognition discussed above. This course of cognitive 
development includes increases and decreases in ability depending on the cognitive metric 
used by psychologists to measure ability from childhood throughout older adulthood with 
various tools. Changes throughout the entirety of the life span are important to discuss 
because of the influence earlier time points and situations can have on later-life outcomes. 
Coverage of cognitive ability throughout the life span also highlights the importance of the 
current study’s life span data and analysis presented in the results and discussion sections 
in later chapters. Life span cognitive change has been explained as the development of " a 
series of technological advances in the use of the mind” (Richardson & Sheldon, 1988). 
These series of advances start in infancy and continue with rapid growth throughout 
adolescence. We will address the human life span of cognition by first discussing theory and 
general trends in cognitive trajectories of growth and development and then discuss 
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fluctuations and peaks in executive function, procedural and semantic skills as well as the 
visual and auditory sensory modalities later on in further sections.  
Infancy and Childhood 
Piaget's stage theory providing an explanation of cognitive development is one of 
the most well-known and widely excepted theories in developmental psychology. His 
theory is qualitative in nature and surrounds three stages of development, a sensory-motor 
stage when cognition is based on action, a stage of concrete operations when cognition 
develops from a symbolic understanding of concrete objects and the relationship of them to 
the world, and the stage of normal operations when cognition is learned through hypothesis 
testing and scientific thought (Goswami, 1998). Goswami (1998) states that “object 
permanence”, which is considered the first stage of development is shaped over the first 18 
months of life. Object permanence states that infants as young as five months old have 
enough cognitive skill to understand that even when an object is not in sight it still 
continuous to exist (Baillargeon, Spelke, & Wasserman, 1985). The next stage of Piaget’s 
famous cognitive development theory is the concrete operational stage, between 6 and 7 
years of age, which involves the appropriate use of logic, when solving problems (McLeod, 
2010). The last stage, encompassing the ability to reason and make analogy through 
scientific thought, is mastered between ages 11 and 12. Piaget’s work has been challenged 
by claims dealing with the timeline of cognitive development. Scientists challenge his idea 
by stating that his work limits cognitive development to childhood and that cognitive 
development does not stop in childhood, but extends into adolescence and adulthood 
(Moshman, 1998).   
Adolescence  
Cognitive development in adolescence is marked by development of decision 
making skills as well as learning in a school environment and subsequent motivation to 
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learn (Eccles, Wigfield, & Byrnes, 2003). Social cognition, due to large amounts of 
involvement with peers in school, is also of particular interest to cognitive psychologists 
studying development in adolescent individuals (Eccles et al., 1993). The period of 
adolescence, which follows the onset of puberty, and extends through sexual maturity is 
followed by the next large grouping of ages in cognitive development, adulthood. Adulthood 
encompasses the mid-point of current life expectancies. Rapid growth of cognitive faculties 
occurs in adolescence, but there is sufficient evidence to support the premise that cognition 
is still developing into our second and third decade of life. 
Middle of Life Span  
Moshman (1998) tells us that the domain of cognition that develops most rapidly 
during mid-life is reasoning or “deliberate application of epistemic constraints to one’s own 
thinking.” In other words, the ability to use knowledge, facts and logic obtained through 
education or surroundings in the environment and applying personal thought and opinion 
to this acquired knowledge. This skill (the ability to apply reasoning to knowledge) is not 
simply memorizing and spilling out facts, which is the basis of learning in primary school, 
but a process of using that knowledge to construct new ideas and challenge prior learned 
facts and material.   
Although reasoning is the domain of cognition that dominates development in mid-
life, there is a theory of constancy as well or psychological ontogenesis, which states that 
there is consistency in changes in development throughout the life course (Baltes, 1987). 
We would not be able to build on our knowledge or cognitive skills if we did not retain 
preexisting skills developed in earlier years. Cognition changes as we age, but much of 
cognition developed throughout the life span is maintained and is built on even in late life of 
older adults.  
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Older Adults  
 Although research and discussion of cognitive ability of the older adult populations 
can often be marked by decline (Kempler, 2005) it is important to note that older adult’s 
ability to perform tasks driven by certain cognitive domains remains stable and sometimes 
increase with age. Generally, variables that remain stable into late life include specific 
measures of memory (procedural and short-term memory), reasoning, forming new 
associations as well as the ability to solve novel problems (T. A. Salthouse, 2010). A 
subsequent domain, which remains stable in older adults is procedural memory involving 
implicit memory processes, examples of this include driving a car (although remembering 
how to drive a car and sustained reaction time are two separate issues) and academic skills 
such as counting, spelling and reading (Park & Festini, 2017; Denise C. Park & Patricia 
Reuter-Lorenz, 2009). The retention of procedural ability helps explain the classic example 
of the older adult in a nursing home who is able to play lengthy high-level pieces of music on 
the piano by heart, but is not able to recall the name of her husband, whom she lived with 
for 55 years (Baird & Samson, 2009; Crystal, Grober, & Masur, 1989). Although many other 
cognitive abilities are recruited such as attention and subsequent executive functions to 
make memory possible, cognitive ability (decline and development) is often times grouped 
into memory ability in older adults (D. C. Park & P. Reuter-Lorenz, 2009; Park & Schwarz, 
2000). Peak ability of memory and attention are important to discuss so that society along 
with clinicians can recognize the age that specific tasks can be most efficiently completed in 
and what to expect from patients when testing cognitive thresholds in clinical and 
experimental settings. This information may also be important in deciphering when to 
implement cognitive training programs as well as which cognitive ability to target cognitive 
training programs towards.  
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Peaks in Cognitive Abilities  
Although language skills, which develop rapidly in childhood, as well as semantic 
and procedural skills are generally maintained throughout adulthood (Craik & Bialystok, 
2006), abilities housed under executive function vary throughout the life span. Working 
memory ability is present in the first 12 months of a child’s life (Craik & Bialystok, 2006), 
but studies show it peaks between 20 and 30 years of age, around age 23, and declines 
sharply at age 40 and thereafter, in data representing 48,537 participants ages 10-69 
(Hartshorne & Germine, 2015). Attentional ability, in particular selective inhibitory control, 
shows patterns of fluctuation throughout the life span. Inhibitory control involves the 
ability to filter out information or noise that is unnecessary or not needed to complete the 
task at hand and attend to information that is necessary or facilitates tasks completion. In a 
study examining this ability in those 6-82 years of age, those 6-8 years of age earn the 
lowest percent accuracy scores followed by those ages 9-12 and 13-17. Ability significantly 
increases in young adulthood (18-29) and continues to gradually increase in older 
adulthood (45-59) even increasing for the oldest participants in the study, those individuals 
between the ages of 60 and 82 (Bedard et al., 2002). Although older adults were able to 
complete the attentional inhibition task more accurately than younger participants they 
exchanged speed for percentile in task completion. Therefore, inhibitory control task 
percentile scores were positively associated with age, but reaction time was also positively 
correlation with age. This meant that the percentage of correct answers increased as age 
increased, but that the time it took participants to complete the task increased as age 
increased as well. Those who were older concentrated on accuracy at the expense of speed 
and younger participants concentrated on speed at the expense of accuracy (Bedard et al., 
2002). This shows that processing speed is an important element in discussion of cognition. 
 Many cognitive behavioral tasks are timed and subsequently the element of time 
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influences cognitive performance scores. When the percentage of variance in processing 
speed was examined in 10 basic experimental cognitive tasks, based on five ability factors 
(mental mapping, e.g. digit-symbol substitution, memory, e.g. text recalls tests, reasoning, 
e.g. letter series test, verbal knowledge, e.g. vocabulary tests, verbal fluency, e.g. animal 
naming) based on age group, participants in the youngest age categories (6-11), had the 
highest amount of variance in processing speed at 75%, meaning they did not consistently 
complete cognitive tasks at the same speed 75% of the time. Results showed that variance 
in processing speed across cognitive tasks declined until about age 48, and was lowest in 
age groups 36-55, but continued to rise again for people aged 56-69. This rise in the 
variance in processing speed across cognitive tasks leveled off after about age 70 for those 
70-89 years of age (Li et al., 2004). The presence of variance in processing speed showed 
that older and younger individuals were not able to complete the various cognitive tasks 
uniformly with the same ease in ability.  
When processing speed was examined by age group, specifically for executive 
control tasks, in 5,000 participants, reaction time scores were most affected during 
cognitive switch (Reimers & Maylor, 2005). Cognitive switch tasks require participants to 
switch attention from one stimuli to another, for example identifying the sex of participants 
when shown pictures of faces and then switching attention to identify emotion in the face 
shown as either happy or sad. This study showed that changes in reaction time caused by 
switching tasks, or switch cost, was lowest for those aged 16 and 17 and highest for those in 
the age brackets of 61-66 and 10-11 (Reimers & Maylor, 2005). This meant that people 16 
and 17 years old were least affected by having to switch focus during the cognitive task, 
reflected in their reaction time scores. This cognitive domain of processing speed tends to 
follow general age trends seen in above literature suggesting older adults and young 
children take longer periods of time to complete tasks than older adolescents and young 
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adults. In summary, the literature shows cognitive abilities generally peak between the ages 
of 17-28 and are lowest for those under the age of 17 and over the age of 30. Those 16 years 
of age and younger score lower on cognitive behavioral tasks because their brains are not 
yet fully developed (e.g. smaller grey and white matter volume) and therefore they are not 
able to complete the task as efficiently and accurately as the older and more developed 
participants (Casey, Tottenham, Liston, & Durston, 2005; Giedd et al., 1999). Older adult’s 
brains are developed, but they may be experiencing normative physiological decline causing 
their cognitive scores to also be low in a similar way to that of young participants. First, we 
will discuss theory addressing why older adult’s cognitive ability declines, followed by 
literature addressing brain changes associated with aging, that inform theory surrounding 
changes in cognitive ability as adults age.    
 
Theory of Life Span Cognitive Ability 
 There are many theories that discuss age-related cognitive decline. These theories 
are important to take into consideration when researching cognitive aging variability 
because they discuss extraneous factors that may influence cognition.  
Sensory Capability Indicative of Cognitive Function  
  Cognition is the acquisition of knowledge by using our sensory systems, therefore 
when the function of individual’s sensory systems declines, cognitive ability also suffers 
consequences (Lindenberger & Baltes, 1994). A study researching executive function across 
the life span, with emphasis on sensory systems, in those 8-74 years of age, showed that 
cognitive tasks requiring either visual or auditory domains were dictated by sensory ability. 
Children (8-9 years) and older adults (66-74 years) completed more errors than young 
adults (20-27) in executive tasks using visual skill, although children (8-9) scored more 
errors on auditory tasks than older adults. Older adults completed a similar amount of 
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errors in visual tasks but had significantly less error in auditory skill than children. 
Although, both children and adults scored significantly less accurate compared to the young 
adult group, who completed the least amount of error in tasks requiring visual and auditory 
domains (Zelazo, Craik, & Booth, 2004). Further, Hartshorne and Germine (2015) study 
looking at cognitive abilities across the life span in those 10-69 years of age showed peak 
visual working memory ability around age 18 and declines starting around age 22 and 
thereafter. This literature examined cognitive abilities that are completed through auditory 
and visual sensory systems, although a large body of literature examining differences in 
tasks focusing on auditory ability alone, throughout the life span, will be addressed next.  
Literature examining auditory ability throughout the life span shows ability is 
heavily influenced by age, listening environment and sex of participants. Older adult 
listeners performed more poorly on auditory tasks when time constraints were present and 
also in conditions where background noise was present (Gordon-Salant, 2005; Martin & 
Jerger, 2005). This relates to previous research cited earlier about attentional control, 
stating that speed that participants were able to complete inhibitory control tasks was 
related to age and that speed declined in older participants (Bedard et al., 2002). Particular 
results show that younger listeners (18-49) are better able to distinguish speech when 
noise is present in the background than older participants (65-76) (Gordon-Salant & 
Fitzgibbons). This may relate to perceived annoyance of environmental noise. A study 
examining annoyance from environmental noise across the life span found that annoyance 
from transportation noise based on age revealed an inverted U shaped pattern, showing the 
largest amount of annoyed people were middle-aged adults (45 years of age) and that older 
adults represented the lowest number of people annoyed by noise (Van Gerven, Vos, Van 
Boxtel, Janssen, & Miedema, 2009). This showed that irrelevant distractions from the 
environment are less burdensome to older and younger adults. These results about the 
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perception of distracting noise to older and younger adults, may affect the propensity for 
them to filtering out that “noise” or distracting unnecessary information when completing 
cognitive performance tasks.  Peaks in the changes in hearing level appear at age 40 for men 
and 80 in women and changes in hearing gradually increase starting at age 20 up until these 
ages. Hearing levels based on audible decibels are more uniform based on sex, those 
participants between the ages of 49-59 can hear at higher decibels than those 60 years of 
age and older, and level of audible hearing decreases by 20 decibels between the ages 
groups 49-59 and 80-89 (Gordon-Salant, 2005). This means that participants between the 
ages of 49-59 can hear sounds that are presented 20 decibels lower than those 80-89 years 
of age. Causes of decrease in auditory ability have been investigated during listening 
conditions in adults between the ages of 20 and 89 and results indicate that decreases in 
ability with age may be caused by processing skills (Bergman, 1971). In summary sensory 
ability throughout the life span (auditory and visual acuity tasks) follows the pattern seen in 
various research studies examining life span cognitive ability, which follows a typical U or 
bell curve pattern (Craik & Bialystok, 2006; Zelazo et al., 2004) representing lower ability in 
the young and old and peaks in ability in young adulthood.  
Discussion of sensory ability throughout the life span is important as research 
suggests that up to 90 percent of intellectual differences in cognitive skills of older adults 
comes from sensory impairment (Park, 2000). For example, musicians have been shown to 
have superior auditory processing skills in speech-in-noise tasks due to increased attention 
capabilities in comparison to non-musicians (Zendel & Alain, 2012). This is also called 
attentional inhibition. An example of a speech-in-noise task where attentional inhibition is 
required is drowning out the band in the background at a concert in order to hear what the 
person sitting next to you is saying. Because cognitive competency in older adults has been 
connected to decreases in sensory ability, those who have sensory abilities that are intact 
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may outperform those with deficits in this area. Sensory ability needs to be taken into 
consideration when studying cognition. Those who repetitively practice skills that require 
sensory ability, due to occupation or life interests, may excel in cognitive abilities due to 
practice effects. Research results showing a relationship between cognitive and sensory 
ability support theory stating sensory ability is indicative of cognitive ability.   
Ascertainment Bias 
  Age-related cognitive decline could be related to effects caused by ascertainment 
bias, which Valenzuela & Sachdev (1996; 2006) state occurs when participants score low on 
brain reserve capacity (as described by mental activity and capacity) when they are near 
the threshold for dementia diagnosis. Ascertainment bias can also occur when dementia is 
diagnosed less often in older adults who are higher functioning, higher functioning can be 
determined by more education or higher job attainment. Those who are more educated may 
not exhibit symptoms because they have higher brain reserve capacity or cognitive reserve 
and therefore do not exhibit symptoms of cognitive impairment, often determined by higher 
scores on cognitive performance tasks. This phenomenon can make detection of dementia 
and related diseases difficult in high functioning individuals (Tuokko, Garrett, McDowell, 
Silverberg, & Kristjansson, 2003) 
Friedland et al. (2001) examined ascertainment bias when researching the 
association between cognitive impairment and activity level. Patients who were diagnosed 
with Alzheimer’s disease had reduced levels of activity in mid-life compared to their healthy 
counterparts. The study hypothesized that those with low levels of activity had an increased 
risk of Alzheimer’s disease. Although results could be misleading because people who have 
lower activity rates may exhibit these rates of activity because they were experiencing the 
preclinical manifestation of pathology causing them to score low on the cognitive activity 
scale before they have been diagnosed, also known as ascertainment bias. This may 
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invalidate results suggesting specific older adults score poorly on cognitive performance 
tasks because they are not exercising their cognitive faculties and remaining mentally 
active. Because Alzheimer’s disease is not diagnosed until postmortem any research study 
that is examining only healthy patients may run the risk of including someone in the study 
who may have subjectively stated or objectively tested cognitively healthy, but in fact has 
the early pathology of dementia that is asymptomatic. 
Theory of Attention and Working Memory  
Attention is crucial to focus resources and efficiently perform cognitive tasks 
(Gazzaley & Nobre, 2012) although attention is one of the first and primary domains 
affected by age-related decline (Park, 2000). Older adult’s memory processes change during 
aging. One likely cause includes deficits in processing speed while another theory, the 
attention resource theory, points toward a lack of “attentional resources” or the inability to 
inhibit unwanted information and therefore use attentional resources most effectively 
(Kempler, 2005; D. C. Park & P. Reuter-Lorenz, 2009). For example processing speech when 
noisy backgrounds are present is a difficult auditory task for individuals in general but 
becomes increasingly problematic in older adults who have poorer cognitive skills, 
reductions in perceptual acuity and hearing loss (Parbery-Clark, Strait, Anderson, Hittner, & 
Kraus, 2011). 
 Working memory ability is also effected by aging in older adults and is interrelated 
with impairments in selective attention that often cause these working memory deficits 
(Gazzaley & Nobre, 2012). Working memory processes slow down as older adults 
incorrectly select material during working memory tasks that is irrelevant and inefficiently 
delete working memory content that is relevant to the task they are performing (D. C. Park 
& P. Reuter-Lorenz, 2009). Working memory and attention are important to the current 
study's central hypotheses stating that the current musician participants will score above 
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average in cognitive performance tasks requiring working memory and attention. In 
particular, we suggest their ability to inhibit unnecessary information during working 
memory tasks will facilitate these heightened performances and will be exhibited in EEG 
signatures.  
Depth of Processing  
 Declines in cognitive functioning can also be caused by a lack of depth of processing. 
Theory that surrounds this reasoning for cognitive decline states that older adults do not 
process information as deep or efficiently when new information is first presented. This 
lack of depth of processing does not affect proximate memory or distant memories. Shallow 
processing in older adults does not affect memories that they have already acquired, but 
new information that is learned in old age is affected because of diminished processing 
(Kempler, 2005). This lack of depth of processing may not affect the ability to learn a new 
concept, but potentially how to process and apply that concept to everyday tasks. 
These theories are sound and derived from studying the internal brain processes 
that may cause a decline in cognitive ability. Discovering why these theories of decline occur 
comes from associated research on brain aging. 
 
Brain Changes and Aging 
The theories stated above are hypotheses suggesting why older adults’ cognitive 
ability declines. These changes within their cognitive processes occur because of brain 
change in the structures responsible for function, taking place within their internal 
physiology. This brain development and change occurs throughout the life span.  
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Physical Changes in the Brain  
Physical changes taking place in the brain do not occur uniformly; they occur at 
different rates and at different ages. Brain change examined in a review of 56 longitudinal 
studies using measures of magnetic resonance imaging in participants between the ages of 
4 and 88 years of age noted patterns of change in brain volume throughout the life span. 
The brain grows volumetrically during childhood and adolescence; approximately a 1% 
increase in growth annually is noted starting at age nine until age 13, during which a 
decrease in growth occurs until age 18. Between the ages of 18 and 35, another increase in 
brain volume is noted, and no brain atrophy is occurring, although after age 35 gradual 
decreases in volume are occurring, until about age 60. Started at age 60 there is 0.5% 
decrease in brain weight each years (Hedman et al., 2012).  
Further, normative brain change does not occur uniformly throughout the different 
brain regions, as some areas of the brain are more susceptible to physiological change than 
others. Theory of cognitive aging variability states, that different functions of cognition 
decline at different rates in older adults (Park, 2000). Even different types of one aspect of 
cognition have varying levels of preservation as we age. Because different cognitive 
functions develop and change at different rates and are linked to different brain regions, 
logic purses that the brain regions responsible for those functions are also changing at 
different rates.  
 Brain aging can be broken down into anatomical, molecular and functional 
differences. Thakur and Rattan (2012) present some of the major characteristics of brain 
aging within each of these categories. Molecular changes in the brain are produced by 
chemical change such as decreases in dopamine, lower levels of serotonin and glutamate 
and fluctuations of hormones (growth and sex hormones in particular). Behavioral changes 
related to these molecular changes are more extensively researched and reported and can 
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include changes in memory and attention as well as changes in feelings of anxiety, ability to 
fall and stay asleep and decision-making in older adults (Thakur & Rattan, 2012).  
Anatomically, the largest brain change is atrophy of cortical volume occurring in the 
prefrontal regions (Bengtson et al., 2000) and temporal cortex (Thakur & Rattan, 2012). As 
stated earlier the frontal lobe is the primary lobe responsible for cognitive function 
(Bengtson et al., 2009) therefore notable declines in cognitive ability can be related to this 
atrophy. The frontal hypothesis of aging argues that many age-related cognitive deficits 
seen among older adults are assumed to be associated with deterioration in the frontal 
lobes (Denise C. Park & Patricia Reuter-Lorenz, 2009; Salthouse, Atkinson, & Berish, 2003).  
Notable atrophy also occurs in the hippocampus (Kempler, 2005), related to 
memory function and portions of the cerebellum (D. C. Park & P. Reuter-Lorenz, 2009). 
Smaller amounts of atrophy occur in the parietal lobe in comparison to the frontal lobe 
(Bengtson et al., 2000). Studies have found that brain volume decreases by 5% each decade 
starting at age 40 and this percentage is shown to increase after age 70 (Peters, 2006). 
Shrinkage of the brain can be caused by apoptosis or neuronal death often referred to as 
programmed cell death (Kempler, 2005).  
Functional Changes in Brain Mechanisms  
Along with physical changes in the brains of older adults, there are functional 
changes in the mechanism used to complete specific behaviors. Older adults show greater 
activation in the anterior regions of the brain and in particular larger amounts of activation 
in the prefrontal cortex compared to younger adults when completing various cognitive 
tasks (Greenwood et al., 2012). This age-related neurocognitive response is hypothesized to 
be a compensatory mechanism (Patricia & Katherine, 2008). Evidence of this is seen in 
studies where older adults who show over activation of prefrontal regions have greater 
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memory ability when compared to older adults with normative activation patterns (Denise 
C. Park & Patricia Reuter-Lorenz, 2009).  
 Increases in frontal lobe recruitment may be caused by older adults difficulty to 
recruit specialized neural structures and mechanism to perform behavioral tasks, known as 
the dedifferentiation hypothesis (Cabeza, Anderson, Locantore, & McIntosh, 2002; D. C. Park 
& P. Reuter-Lorenz, 2009). De-differentiation involves a decrease in neural specificity, 
occurring when older adults do not use one specific brain region to complete a cognitive 
function as often as a younger adult does, but are more prone to use several brain regions to 
complete the same function. Dedifferentiation may be caused by physical brain-related 
changes in the typical structures normally used exclusively to complete the desired 
behavior. When older adults are not immediately activating the brain structure responsible 
for the desired task, that would most efficiently and accurately facilitate task completion, 
but recruiting multiple different brain areas, their processing speed declines. This theory 
also involves reductions in hemispheric localization involving the tendency for older adults 
to engage both of their hemispheres to complete tasks and not just one specific hemisphere 
(Kempler, 2005). Another theory that complements this theory and provides an explanation 
for how the function of an older adult's brain changes can be described by holism. The 
theory of holism states that the work of the brain is distributed across many if not all 
structures, and behaviors are not completed by a single, tightly defined brain structure and 
silent for others.   
Distinguishing Pathological from Normative Decline  
Additional changes that occur within the aging brain include or are associated with 
increased vulnerability to disease and disability (Grimm et al., 1998). We have discussed 
normative brain change and associated cognitive changes in older adults. Normative 
changes are those that occur solely because of advancing age. Although changes in brain 
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function are often noticeable to older adults (e.g. subjective memory complaint research), 
unless the changes in cognitive ability hinder what is expected for an individual of their 
particular age then the changes are not categorized as pathological changes (Lunde, 2012). 
People cannot alter the simple passage of time; therefore, they will all experience normative 
cognitive change.  
When cognitive deficits interfere with one's ability to work or live independently 
the distinction between normative and pathological decline can be made, as this degree of 
deficit is considered pathological. Older adults who are experiencing normative cognitive 
change can effectively compensate for the changes. Using memory ability as an example, the 
first sign of deficit may be termed benign senescent forgetfulness, which is an age-related 
memory deficit distinct from impairment due to disease (Kempler, 2005). When individuals 
do not neatly fit into normative or pathological cognitive decline thresholds, they may be 
diagnosed with mild cognitive impairment or MCI. If memory deficits worsen after a 
diagnosis of MCI a patient may be diagnosed with Alzheimer’s disease or another form of 
dementia, which involves issues with brain function and more than one symptom of 
dementia. Often but not always, MCI develops into Alzheimer’s disease, although nearly all 
cases of Alzheimer’s disease start with MCI (Lunde, 2012). These three categories of 
memory impairment, benign senescent forgetfulness as the normative category, MCI as a 
middle stage in between pathological and normative change and finally dementia and AD 
describing the pathological stage of memory impairment, provide us a suitable model that 
can be used to distinguish pathological from normative change.  
Pathological Cognitive Decline  
  Grimm et al. (1998) state that the three most common pathological 
neurodegenerative disorders are Alzheimer’s disease (AD), Lewy Bodies and Parkinson’s 
dementia also known as Parkinson’s disease dementia. AD is the most common dementing 
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illness by far as almost 50% of people over the age of 85 develop AD (Wang, Oh, Hendrickx, 
Lunderberg, & Schneewind, 2013). The neurodegenerative disorder, Parkinson’s disease, is 
characterized by lesions in the brain that occur in the dopaminergic neurons of the 
substantia nigra pars comapacta or midbrain (Grimm et al., 1998). This brain region 
controls motor functions. Although AD is the most common form of dementia diagnosis in 
older adults many older adults suffer from different forms of dementia both acute and 
chronic.  
The census bureau states that one in nine people over the age of 65 and one in three 
older adults over the age of 85 have some type of dementia (Ortman et al., 2014). The literal 
interpretation of dementia is loss (de) of cognitive or mental (mentia) abilities (T. A. 
Salthouse, 2010). Pathological chronic forms of dementia other than the most commonly 
studied and popularly discussed and diagnosed include vascular dementia (VaD) both 
ischemic and hemorrhagic, frontotemporal dementia (FTD) also known as Pick’s disease, 
corticobasal degeneration (CBD) and progressive supranuclear palsy (PSP) (Schaie & Willis, 
2010).  
Dementia is not always a chronic permanent condition and can be brought on by 
acute, curable health issues. When dementia diagnosis is acute it is often referred to as 
delirium. One example includes dementia diagnosis caused by polypharmacy, which can be 
treated when the drug(s)causing the adverse drug interactions are eliminated or 
interchanged. Nutritional deficits and infections including sexually transmitted infections 
(STI) and urinary tract infection (UTI), commonly found in older adult women can also 
cause delirium or dementia. Once a patient's nutritional intake increases to a level suitable 
for their body size or a patient receives the antibiotic necessary to treat the present 
infection they stop experiencing symptoms of dementia. If symptoms persist after medical 
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attention then the patient may be diagnosed with chronic dementia, although diagnosing 
dementia is increasingly difficult and often not definitive.  
Diagnosing Alzheimer’s Disease and other Dementias  
According to the Diagnostic and Statistical Manual of Mental Disorders V (DSM V) 
the criteria for a diagnosis of probable AD includes dementia established by examination 
and objective testing, deficits in two or more cognitive areas, progressive worsening of 
memory and other cognitive functions, no disturbances in consciousness and onsets 
occurring between 40 and 90 years of age (American Psychiatric Association, 2017). The 
symptoms of AD are initially recognized as memory and language deficits. At the earliest 
stages of memory decline, we see damage within the hippocampal formation of the brain 
(Grimm et al., 1998). Original theory behind behavioral deficits and intellectual ability 
occurring among patients affected by AD was primarily concerned with neurofibrillary 
tangles in the neocortex and senile plaques throughout the entire cerebral cortex (Kang et 
al., 1987). Although, related to this cognition conundrum, the longitudinal nun study led by 
David Snowdon transformed our thinking about the causes of AD pointing towards plaques 
and tangles in the brain. Snowdon’s participants were nuns who were living in the same 
environment, receiving the same health care and who were generally uniform in various 
variables often controlled for in epidemiological studies. They were followed longitudinally 
and donated their brains at death. Surprisingly, some nuns exhibited extensive brain 
pathological, but were cognitively intact when they died and others who had clean brains 
had mini-mental state examination (MMSE) scores of 0 before death, indicating severe 
behavioral deficits in cognitive ability (Snowdon, 2002; Snowdon, 1997).  
The nun study showed us that the brain regions involved in cognition and the 
normative change within them may not bear as much weight as previously thought. If brain 
pathology is notably disassociated with disease diagnosis (Snowdon, 2002) then cognitive 
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ability may not be as highly associated with change in that brain region. D. C. Park and P. 
Reuter-Lorenz (2009) state that behavioral brain science research indicates that the 
relationship between structure and function is not textbook (P. 95). Therefore, a 
neuropsychological approach to cognitive aging research should be used with caution as 
this cognitive conundrum has challenged the effectiveness of this method as a means to test 
hypotheses and gain a better understanding of cognitive domains and their corresponding 
brain regions. Rather an understanding of both (neuroscience and psychology) with 
correlations drawn between them may be a more effective method, but should still be used 
with caution, as the underline cause of cognitive deficit often cannot be drawn. Other than 
internal physical and functional changes occurring in the brain, outside, environmental 
factors affect cognitive ability of older adults as well.  
 
Cognitive Aging Variability 
Cognitive ability in people at any age is highly variable, but age is responsible for 
only a small portion of the total variation that is present across individuals (T. Salthouse, 
2010). Much empirical evidence exists supporting differences in cognitive ability based on 
factors other than age. These differences are influenced by lifestyle and environment. 
Theory on the course of cognitive growth emphasizes that growth occurs from the outside 
in as well as from the inside out (Richardson & Sheldon, 1988), and therefore we must 
discuss the influences of outside factors on cognition. Cognitive change as we age is complex 
and involves a mixture of genetic, life span characteristics of behavior and environmental 
exposure and social or structural factors. Although genetic factors cannot be altered yet in 
science, the remaining factors are open to modification to promote an array of preventative 
measures. Because these factors are alterable, or within peoples control research on details 
of how they should be altered, in a way to promote cognitive health is important. These 
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alterable factors affecting cognition are the main achievable outlet to prevent cognitive 
impairment noninvasively therefore we will discuss these factors at length. 
Factors known to influence cognitive performance in old age include education, 
physical activity, nutritional intake, occupation and cognitively stimulating activities 
(Kramer, Bherer, Colcombe, Dong, & Greenough, 2004). The reason these factors affect our 
cognition can be explained on the basis that each of these environmental and lifestyle 
choices are types of cognitive challenge, both direct and indirect challenge, at differing 
levels. In summary, all of the factors we will focus on in this dissertation (education, 
occupation and cognitively stimulating activities) share the same common theme of 
requiring cognitive challenge during completion. This exercise and challenge for the brain 
may help protect older adults form cognitive decline by providing cognitive reserve.  
Education 
One widely accepted lifestyle factor that affects the prevalence of cognitive 
impairment is education status. Those who have minimal amounts of education are at 
greater risk for dementia in late adulthood (Qiu, Backman, Winblad, Aguero-Torres, & 
Fratiglioni, 2001; Stern et al., 1994). Although there is a multitude of studies demonstrating 
this link between education and dementia, more recent research indicates a 1.1% reduction 
in the risk of developing dementia for every year of schooling that an individual obtains 
(Nguyen et al., 2016).  
Details that are important to mention when discussing the link between education 
and cognitive benefits are the nature and quality of education. During formal education 
cognitive challenge is imposed on students through attentional demands and through 
assignments and deadlines. Students who do not have an internal willingness to engage in 
these challenges imposed on them during education may not benefit from the protective 
links of educational attainment. This makes detailed predictions such as, a 1.1% reduced 
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risk of dementia with every year of education, mentioned above, difficult to interpret. More 
motivated students who have an internal willingness to engage in the cognitive challenges 
presented during education may have higher percent reductions than 1.1% and those who 
are less motivated to challenge themselves may not benefit from this reduction in risk of 
dementia.  
Additional critical elaboration on cognitive challenge involves clarification about the 
point along the life span when the challenge took place. For example, would two years of 
kindergarten education produce the same amounts of challenge on the neural network and 
brain development of a person as two additional years of college or graduate education? 
Initial responses may be no, but the question is more complex as we think about what stage 
a kindergartener's brain is at on the psychological stages of development. Yes reading is not 
as challenging as writing a master's thesis, to the minds of developed adults, although 
reading may impose similar challenges to a kindergartener, as writing a thesis does, 
because of the rewiring in the brain required to make reading an automatic process. We 
have to consider the novel nature of reading for a five-year-old child who has never 
completing the task of reading, who has to develop the patterns and schemata of letters that 
make up the English language and develop the skill of fluid intelligence for the first time. 
Older adults have already acquired the schemata and fluid intelligence needed to be able to 
read, the primary challenge of the older person’s task, writing a thesis, comes from 
crystalized pragmatics. The primary differences between levels of challenge along different 
points in the life span may be the type of intelligence used, for example, fluid intelligence as 
a young scholar and more crystalized pragmatics during college education and beyond. 
Studies that address the links between education and cognitive ability longitudinally may 
help solve questions about the differences in cognitive challenge dependent on the point in 
the life span that the challenge took place. 
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Critical elaboration of about the source of challenge and stage at which the challenge 
takes place is important to the current research project because the population studied 
(professional orchestral musicians) had clearly defined life-long music involvement, which 
we will discuss later in detail as a complex cognitive challenge. The age the current 
population started their music training as well as other external and internal challenge 
sources were controlled for and influenced our findings.  
Two longitudinal studies that effectively investigate the effects of education on later 
life cognitive ability are the Seattle longitudinal study and the nun study. The ongoing 
Seattle longitudinal study spanning over four decades investigated the impact of cohort 
differences on cognitive function through many different variables.  When the variable of 
education was investigated by implementing educational interventions, in the form of 
cognitive training, significant improvements in cognitive function were recorded (Schaie, 
Willis, & Caskie, 2004). The longitudinal nun study conducted by David Snowdon also linked 
education and AD through the diaries of the cohort of Catholic sisters studied. Higher levels 
of literacy and higher levels of language complexity observed in the writing of the sister’s 
diaries was shown to be predictive of the risk the women had in developing AD (Snowdon, 
2002). Those with more complex linguistic ability were less susceptible to develop cognitive 
impairment. A systematic review pooling subsequent longitudinal studies on education 
completed around the time frame that the nun study took place confirms these results 
through 14 longitudinal studies that indicate education can be predictive of cognitive 
change (Anstey & Christensen, 2000). Valenzuela and Sachdev (2006) longitudinal 
investigation completed six years later provided evidence of the positive association 
between cognition and educational attainment (P. 1068).  
Although these results denote education as a strong predictor of cognitive ability, 
even in longitudinal studies, they may be present because of detection bias. Detection bias 
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occurs when participants who have lower amounts of educating tend to be diagnosed 
earlier with cognitive impairment than those with larger amounts of education (Qiu et al., 
2001). This bias may occur because highly educated participants have larger brain reserves 
and are better able to compensate for symptoms of cognitive impairment by using prior 
crystalized intelligence obtained from education. Therefore, people with higher levels of 
education may be more tolerant of the symptomology of AD and other dementias. If 
detection bias was not present, participants with higher levels of education may receive a 
diagnosis of dementia at similar times as those who have obtained lower levels of 
education, diagnoses would occur at earlier ages.  
Employment, Occupation and Career  
Amounts and levels of education affect the type of occupation in which a person 
engages. Higher levels of education are often predictive of employment that requires high-
levels of intellectual challenge as well as increased participation in cognitively stimulating 
tasks. The effects of this cognitive challenge resulting originally from higher levels of 
education can provide greater levels of income, and therefore well-being (Kramer et al., 
2004). A review of studies examining the correlations between occupation and cognition 
indicated that occupation affects a person’s cognitive trajectory (Valenzuela & Sachdev, 
2006). Further research indicates that low life occupational attainment puts individuals at a 
greater risk of developing AD (Stern et al., 1994). This may result from a lack of cognitive 
challenge that is provided by working a job.  
Working a job provides internal challenge on a daily basis: to wake up at a specific 
time and work for around eight hours on a consistent basis. Such consistency would not 
exist when not working and typically does not exist for retired older adults. Job attainment 
also provides cognitive challenge externally, from the task performed during that eight-
hour day, although the level of external challenge various depending on the type of work an 
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individual completes. Target challenges for workers who have gone to trade school for 
example, plumbers, roofers and welders is present in the form of motor action, but not 
present as greatly in the form of direct cognitive challenge. Professors, medical doctors and 
executives running companies, complete challenges that target direct cognitive abilities. 
Individuals who perform in the arts such as in music and acting have jobs that target 
sensory ability challenge. Although each of these types of jobs includes cognitive, sensory 
and motor abilities, the brain has to recruit and allocated resources to one specific target 
area of challenge (sensory, motor or cognition) more than the rest, as a result they are 
honing skills in this area, resulting in acquiring expert skills in their specialty.  
Protective benefits of occupation on cognitive ability are shown when evidence 
suggests that specific occupations produce greater protection of cognitive impairment than 
others. One such occupation that shows protective effects on age-related decline is piloting. 
Pilots are experts in the specific domain of flying. A pilot’s career depends on the 
development of expert skills in one domain and this development yields positive effects on 
aging. The expertise of pilots, that is highly specific, mitigates age-related differences on 
cognitive tasks associated with their domain. Therefore, as they age they maintain the 
ability to perform skillful tasks relevant to their field, regardless of age-related decline. 
There is less age relate decline within their piloting skills because they have developed the 
skills at the expertise level and the obtainment of skills at this level, weakens the effects that 
age may have on performing piloting tasks later in life (Morrow, Leirer, Altieri, & 
Fitzsimmons, 1994). In summary becoming an expert may ensure retention of skills in that 
domain.       
By starting higher on the scale of ability experts are less likely to fall one the scale, 
when cognition normatively declines, to levels that cause disruptions in ability. It is unlikely 
that an expert would fall to a level that would make them unable to complete the task. These 
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effects could be observed due to the repeated practice of the skill. In particular, when older 
pilots were given tasks dealing with air traffic control communication, older adults with 
higher levels of flying experience could complete tasks at the same level of precision as 
younger non-expert adults (Morrow, Menard, Stine-Morrow, Teller, & Bryant, 2001). These 
results seen among pilots suggest that both experience and expertise in a specific domain 
helps mitigate age-related declines.   
Similar effects among expert typists have been seen as well, although for motor 
function. When older expert typists have been examined in comparison to amateur typists 
the expert typist did not exhibit deficits in motor components, possibly due to the 
development of skill at the expertise level (Bosman, 1993; Bosman, 1994). Salthouse (1984) 
examined the effects of typing on older adults by instead studying young versus old typists 
and not amateur versus experts. Although decreases in speed among general psychomotor 
tasks were evident, older adult typists did not show deficits in speed and accuracy within 
their domain (Salthouse, 1984). Therefore, the variable of age did not produce effects on 
competency in typing tasks when comparing skill level among younger and older typists.  
Similar results of preserved motor function in the individual’s expertise domain 
have been noted among professional pianists. Music performance among older adult expert 
pianists is maintained at optimal levels (Krampe & Ericsson, 1996). Normal declines in 
general processing speed, often present in older adults, were compensated for in older 
participants that were considered expert pianists (Krampe & Ericsson, 1996). Contrary to 
popular belief this result suggests that professionals in other domains may have the ability 
to maintain optimal and height performance level with deliberate practice even into old age. 
The effects of expertise on cognitive decline have been observed in participants with 
abilities in skilled laboratory domains (Kramer, Humphrey, Larish, Logan, & Strayer, 1994). 
These results generally indicate that people with expertise skills are affected by age-related 
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decline, but that they are not affected by an age-related decline in their domain. Unique 
effects seen in experts could be due to repeated practice and life span development of skills 
(Bosman, 1993; Gaser & Schlaug, 2003). The next area of research on this topic is 
concentrated on determining if cognitive skill expertise can translate to skills outside the 
expertise. We have already mentioned Krampe and Ericsson’s (1996) study, which showed 
expert pianist’s skills were translatable to non-musical processing speed tasks; expert 
pianists outperformed non-musicians.  
Research studies examining the effects of someone’s occupation on general 
cognition instead of on maintenance of expertise skills of their occupation are present in the 
literature. University professors may benefit from protection against cognitive decline. 
Professors are shown to have less age-related decline when they complete 
neuropsychological testing compared to the standard decline observed in groups of older 
individuals of their same age who are not professors. Such effects were observed at the 
University of California, Berkley among young, middle-aged and senior professors 
(Shimamura, Berry, Mangels, Rusting, & Jurica, 1995). As suggested earlier this could be due 
to the cognitively stimulating nature of their job as well as perceived effects of education 
level or the results may be caused by deeper less evident roots. These outcomes seen in 
professors cannot be explained by one specific expert skill such as flying a plane daily, they 
may be caused by a variety of cognitive activities and challenges. For example, professors 
often have daily regiments that require them to shift cognitive focus from research to 
teaching to administrative leadership and so on. The switching from one task domain to the 
other may challenge them in ways that other jobs do not and provide more cognitive 
flexibility or attentional ability, which we have suggested facilitates cognitive ability in 
general. Effects of occupation have also been seen in career musicians as lower incidence of 
dementia was recorded among professional musicians in a study surveying orchestral 
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members (Grant & Brody, 2004). The effects that a person’s career has on late-life cognition 
and even physical competency in their domain may occur due to an increase in cognitively 
stimulating activities that individuals perform on a daily basis due to the nature of the 
occupation or the cognitive challenge provided by the occupations.  
Scaffolding provides an explanation of the translatable nature of skills individuals 
develop when becoming an expert in their field to non-domain tasks. Development of 
various expertise may be able to promote higher levels of scaffolding, or the ability to use 
pre-existing strengths to build new skills or sustain abilities that are threatened by 
challenge, also known as the scaffolding theory of aging and cognition (Denise C. Park & 
Patricia Reuter-Lorenz, 2009). Scaffolding is promoted by level and frequency of cognitive 
training and activity, both of which are essential to become an expert in any domain. 
Experts complete the tasks related to their domain often and throughout their life span. 
Tasks expert participants completed for their occupation were sustained for long periods of 
time, because they performed these tasks as an occupation, and the level they were 
completed on was because they were experts, both of which are key elements to promote 
scaffolding. 
Leisure Activities and Associations with Cognitive Function  
Lifestyle factors in the form of leisure and cognitively stimulating activities have been 
researched extensively to determine their potential associations with cognitive ability later 
in life. The hypothesis of these studies surrounds the idea that mental activity prevents the 
development or slows the onset of cognitive impairment in older adults. Specific attention 
has been paid to activities that produce high cognitive demand and challenge to an 
individual’s perceptual systems. When the influence of general activity engagement on 
cognition was examined through longitudinal means for different categories of activity such 
as manual, social, physical, media and leisure, only leisure and media activity provided 
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significant decreases in cognitive decline (Ghisletta, Bickel, & Lovden, 2006). The 
segregation of activities into different categories and resulting evidence, pointed toward the 
benefit of leisure activities, gives support for this type research. Further, studies using 
longitudinal designs among uniform cohorts with similar lifestyles, such that of Catholic 
nuns, priests and brothers saw reductions in the risk of AD at up to 33% with just one point 
increases on the cognitive activity scales and further reductions in AD prevalence with 
additional point increases (Wilson et al., 2002). The magnitude and source of challenge, 
particularly whether it was external or internal, merits further investigation.   
Multiple studies, examining the relationship between activity engagement and 
cognition, using a proportional hazards ratio, to determine if amounts of activity effect 
cognition, found comparable results observing an association with involvement in leisure 
activities and reduced risk of AD and related diseases (Scarmeas, Levy, Tang, Manly, & 
Stern, 2001; Verghese et al., 2006; Verghese et al., 2003). Typical activities examined within 
these studies include reading, writing, board or card games, group discussion, playing a 
musical instrument, watching TV, listening to the radio, gardening, crossword puzzles and 
having a conversation with friends. These activities have varying levels of engagement and 
challenge. Reviews surrounded around the impact of participating in these activities as 
people age show even further evidence that leisure or mentally stimulating activities can 
play a key role in the prevention of dementia and other pathology associated with cognition 
(Kramer et al., 2004; Polidori, Nelles, & Pientka, 2010).   
 Polidori et al. (2010), synthesizes potential environmental factors that could play a 
part in preventing dementia through three main constructs that include nutrition, 
cognitively stimulating activities and physical exercise. While major results do not point 
toward any specific nutritional program, promising results were found for both physical 
exercise and cognitive activity engagement. Overall, intervention through physical exercise 
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and cognitively stimulating activities, throughout the review, were shown to enhance 
cognitive function in older adults and support enhancement in cognitive networks that may 
delay the onset of dementia (Polidori et al., 2010). Stern and Munn (2010) examined 
literature supporting activity engagement’s preventative nature. This review emphasized 
that the specific nature of activities may influence the amount of benefit received. Although 
results in the body of literature examining activity engagement are promising common 
criticism arises. 
Criticism of Mental Activity Theory Research  
The majority of the research on activity engagement supports the hypothesis that 
mental stimulation through cognitively stimulating activities can help older adults maintain 
healthy cognitive function, although results such as those seen in Valenzuela and Sachdev 
(2006) study suggest that the evidence surrounding the topic can be conflicting. This review 
examining multiple longitudinal cohort studies focusing on effects of leisure activities, 
found reduced rates of cognitive impairment in 50% of the studies (Valenzuela & Sachdev, 
2006). Although this statistic appears promising, in reality, it means that the evidence is 
split; activity engagement was only positively associated with lower risk of cognitive 
impairment in half of the studies reviewed.  
Reviews surrounded around the topic of CSLA discuss shortcomings that may 
provide reasoning for conflicting evidence. Such shortcomings can include the examination 
of multiple activities in one study or analysis, aimed at prevention, as well as a plethora of 
extremely different stimuli examined among the data sets (Ghisletta et al., 2006; Polidori et 
al., 2010; Stern & Munn, 2010). These limitations may cause conflicting results among 
studies examining the same protection method of cognition and result in insufficient 
evidence to determine which activity is most beneficial. Ways to resolve these issues may 
include focusing on one or two specific activities or to choose activities of similar nature, if 
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many dissimilar activities are being considered for one data set. Reviews also note variable 
definitions of activity engagement (Ghisletta et al., 2006; Kramer et al., 2004), which results 
in different levels of challenge. For example, the cognitively stimulating activity of card 
playing may produces different levels of challenge for a grandma playing with her 3-year-
old granddaughter versus grandpa playing for money at the blackjack table at the 
downtown casino. The latter may be increasingly cognitively stimulating and challenging, 
while the former may have close to no mental challenge involved. Therefore, 
operationalization and refinement of the level of challenge of the activity is needed in future 
research. Other methodological issues within the body of literature focusing on the use of 
cognitively stimulating activities includes self-reported nature of participation in activities 
and personal interpretation of leisure type (Polidori et al., 2010). Research reviews 
conducted on CSLA suggest that despite support pointed towards reduced risk for dementia 
there is not sufficient evidence to determine which activity would yield the most promising 
results (Polidori et al., 2010; Stern & Munn, 2010). These issues result in an inability to 
effectively determine how cognitively challenging and demanding one activity is in 
comparison to another.  
Commonly activities are measured in frequency per amount of days a person 
participated. Verghese et al. (2003) and Hall et al. (2009), provide two examples of this type 
of research examining activity frequency per self-reported days of activity among 
participants in the Bronx aging study. Verghese et al. (2003) studied effects of leisure 
activity by examining their association with risk of cognitive impairment; leisure activities 
included reading, writing, crossword puzzles, playing board games or cards, organized 
group discussions and playing a musical instrument. Significant results were found for 
reading, playing board games and playing a musical instrument. Further investigation of 
these three activities separately, to determine why these activities showed the most 
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promising results in reducing the risk for cognitive impairment is needed. Hall et al. (2009) 
researched the same older adult population from the Bronx aging study to investigate if the 
frequency of participation in the same activities investigated in Verghese and colleague’s 
(2003), study could affect the onset of memory decline. Older adult participants who stayed 
cognitively active and later developed dementia experienced a significant delay in symptom 
onset. For each additional day that subjects reported participating in one of the six 
cognitively stimulating activities at baseline, memory decline was delayed by 0.18 years 
(Hall et al., 2009). These investigations give us a starting point in determining whether 
cognitively stimulating activities could prevent the onset of symptoms, but do not give us 
any insight into which activities are most useful in delaying the onset of dementia, as all 
activities were analyzed together.  
Lifestyle, education, occupation, development of expertise and fitness are the factors 
that have been shown to influence individual’s cognitive trajectory. The effects of activity 
engagement, specifically participation in a musical outlet, are of increasing interest due to 
results showing connection between diminished cognitive decline and increased mental 
activity in these domains. Music exercises many elements of cognition, which potentially 
produces a protective mechanism against cognitive impairment, which will be addressed in 
detail later. Chapter three will address studies examining music as an intervention or 
cognitively stimulating activity that can affect specific health outcomes among older adults. 
Future studies examining lifestyle factors affecting cognition may increase knowledge in the 
field by examining these connections through longitudinal means. One such longitudinal 
study, that we will draw connections between our study is the nun study.  
Comparison of Current Research and Snowdon’s Research 
 Dr. David Snowdon completed one of the most innovative attempts at answering 
who in the older adult population will be diagnosed with AD with the nun study. What made 
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his attempt stand out from thousands of others was the uniformity of his population, which 
allowed for control of extraneous differences among the populations often researched in 
epidemiological studies. Although many studies have attempted to examine similar people 
based on socioeconomic status, environmental location, hobby, occupation or even genetic 
make-up (twin studies), using the Catholic nun population allowed for control of more than 
just one or two of the common variables that need to be regulated. The nun study was an 
opportunity to examine the neuropsychological progression of aging people who were part 
of the same occupation, but who also lived a similar lifestyle (Snowdon (1997).  
 The Notre Dame Catholic nuns, studied in the David Snowdon’s research, shared the 
same passions and vocation to serve the Lord, but in doing so committed to unique 
lifestyles, which allowed for control of factors that often effect probability of diagnosis of AD 
and related dementias. These uniquely similar lifestyle factors that the Notre Dame nuns 
shared included: a vow of celibacy and poverty, no use of tobacco products, female only 
inclusion, similar tasks completed at work and equal values, amounts and sources of health 
care (Snowdon, 2002). The nuns included in the study were a uniquely uniform population 
due to the vows they were required to take when entering the convent. A vow of poverty, 
chastity and obedience were promised and required to become and retain membership as a 
nun, which influenced their everyday actions, even when they were not working. These 
vows prevented the nuns from ever marrying, influencing social interactions in the life span 
and aspects of social support shown to influence cognition (Kuiper et al., 2015). These 
similarities among the population and lack thereof confounding variables allowed 
researchers to make connections between disease pathology and underline real causes of 
dementing diseases. A quote in Snowdon’s (2002) book eloquently and briefly sums up the 
value of using such a population in a longitudinal study stating, “Outside a laboratory, it 
would be hard to find as pure an environment for research” (P. 14). 
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Requirements to remain a Notre Dame Nun made these women an excellent 
population for a longitudinal epidemiological study about cognition. Their passion for Christ 
made them remain faithful to their vows and retain membership of this compelling group of 
women. Professional orchestra members share a passion for music, which is the reason in 
part for their membership in a professional orchestra. During the lifelong trajectory of 
musician’s and nun’s careers, they gain incremental experience within their career cluster 
(a sect of nuns and type of orchestra). Status and seniority build in each of these professions 
or vocations during the trajectory of their careers. For nuns, and in particular the Notre 
Dame nuns studied, ranking begins at Provincial Councilor moves upwards to Secretary and 
Treasurer further to Assistant Provincial and finally the Provincial, or the highest-ranking 
leader, who has the most responsibility in the province. When musicians gain membership 
in a professional orchestral setting, rank begins at the basic orchestra member, they then 
have the opportunity to become an assistant principal, which is one rank lower than 
principal second, higher rank leads to becoming an assistant concertmaster and associate 
concertmaster and finally they can become the highest ranked musician with the title of 
concertmaster or Coleman Chair. These rankings among the nuns and also the population of 
musicians currently being study bring uniformity and order within the groups and also 
provide different levels of challenge, both internally to perform the duties within each role, 
and externally to move up, working towards earning the highest rank. Musicians share 
similarity within their careers as they all are doing a similar task, but with different 
instruments figuratively and literally. The Notre Dame nuns all have the same emotion and 
desire behind their performance, which is driven by their Closter’s mission to provide 
education to the poor. Each nun works to support this mission with different tools and in 
varying ways such as being a teacher to the young, a principal to an all-girl academy or even 
a missionary who witnesses to people who have not experienced God. Professional 
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musicians in an orchestra use different instruments in a mission to produce the sounds that 
make up one piece of music through playing a brass, woodwind, percussion or string 
instrument in rhythm together.  
Due to the nature of their careers, professional musicians provide a unique control 
other than simply having the same career performing music day in and day out. They 
produce songs uniformly, by playing an instrument and in the case of our study's musicians 
professionally through classical training, within the same orchestra setting, which also 
means in a group and in unison. It is important to mention that the current musicians 
studied were orchestral musicians because many musicians are professional, but do not 
play along with others as a unit of people who have a similar mission, which parallels to our 
comparison with the vocation of the Notre Dame nuns working together to accomplish a 
similar feat.  
Playing in an orchestral requires integrated cognitive-motor functions and a unique 
challenge and requirement of the brain that soloist cannot experience alone. Details of this 
challenge will be addressed later. This life span cognitive challenge makes professional 
musicians a uniquely controlled population to study cognition among. The commonality of 
their cognitive challenge starts at a uniform early age when their brains are more plastic 
and neurological development is rapid. These factors allowed us to study a population that 
has experienced similar levels of life span cognitive challenge, which sanctioned us to focus 
on more than just the standard epidemiological factors affecting cognition. When music is 
controlled in this way it can be used as a model to control and study cognitive challenge, 
which the nun study could not provide. Cognitive challenge, discussed earlier is shown 
among the research results to protect older adults from cognitive decline. Our study takes 
this research to the next level by using music as a mode to control the level of challenge, 
which can vary greatly by task.  
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 Snowdon’s research effectively controlled for the influence of many variable factors 
and their potential interactions with cognition. He accomplished this by studying a uniform 
population, the Catholic Notre Dame nuns. He controlled for variables of health care access, 
living environment, education, socioeconomic status, diet, vascular health and other health 
factors to explore life span variability in cognition, although, his study was not able to 
effectively control for the element of cognitive challenge. Strong evidence from the Notre 
Dame nun’s journals and from subsequent research indicates that behaviors that stimulate 
brain activity are correlated with improved cognitive functions (Fritsch, Smyth, Debanne, 
Petot, & Friedland, 2005; Hall et al., 2009; Scarmeas & Stern, 2003; Stern & Munn, 2010; 
Verghese et al., 2003; Wang et al., 2002; Wilson et al., 2002). The current research was able 
to control for direct cognitive challenge by studying a population that that has taken part in 
the same lifelong challenge of music at the same level, because all participants were 
classically trained, professional orchestral musicians. Cognitive challenge was controlled 
directly via education and training as well as through the participant’s professional musical 
career, and indirectly via the sensory and motor involvement associated with music playing. 
In summary, the Nun study controls for chemical and health variables such as diet and 
cardiovascular output as well as socioeconomic status but was not able to control the level 
of direct life long cognitive challenge. The current research controls direct cognitive 
challenge but did not control for chemical and other health factors 
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Chapter Three: Background of Music Literature 
 
 Neuroplasticity and cognitive reserve are two mechanisms that foster cognitive 
development and protection. Neuroplasticity is a mechanism recruited by the brain to 
compensate for insult and normative or pathological decline. It involves the recruitment of 
new neural networks in an effort to avoid those networks or brain structures that are 
affected by insult or decline. Neuroplasticity and cognitive reserve foster cognitive 
development and are recruited by the brain in an effort to function at optimal levels 
necessary to survive and thrive in society. Genetics, blood flow and chemistry of the body 
are basic components that support these mechanisms.  
     In tandem with an organic ability is the brain’s positive response and ability to 
respond to external stressors or challenges. Repeated challenges could, for example, 
promote retention of the ability to complete the desired task by practicing repetition. The 
concept of cognitive challenge promoting cognitive reserve is well supported through 
research examining effects of education, social engagement, reading, completing complex 
cognitive tasks and challenging occupations and results indicating that they promote 
cognitive maintenance and resilience (Kramer et al., 2004). Still, little is known about the 
complex pathways connecting diverse brain functions and cognitive growth, maintenance 
and protection of cognitive ability throughout the life span. Much research is needed to 
examine the variety of complex cognitive tasks shown to promote cognitive maintenance 
and resilience. This research intricately examines music as particular brain challenge that 
promotes cognitive reserve. There are many elements of music engagement that support 
cognitive reserve.  
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Musical Activity and Cognition 
Music directly relates to cognition, as it is a cognitive action. It is a unique cognitive 
activity because it requires activation of multiple brain areas simultaneously. Acquisition of 
musical playing requires multiple physical and sensory actions. Musical activity is a 
demanding cognitive task involving communication between multiple sensory systems. It 
involves the auditory system but requires the acquisition and coordination of several 
sensory systems and motor function. The postcentral gyrus in the parietal lobe is also 
known as our sensory strip because it receives sensory input from each region of the body 
on the opposite side of acquisition (Kempler, 2005). Sensory and motor systems have to be 
extremely coordinated to play music (Pascual-Leone & Hamilton, 2001). Coordination 
originally occurs between motor activity (pressing the keys or plucking the strings) and 
visual acuity (reading notes), which can strengthen connections between auditory and 
motor regions (Wan & Schlaug, 2010). As one visually looks at notes and then translates 
them into physical actions they simultaneously receive feedback from the auditory system 
and uses it to correct specific fine motor functions or keep the current status. The 
cerebellum is an important area of the brain used during this coordination, which helps 
music sound smooth and connected. It is associated with multiple functions of music 
playing such as keeping correct time through motor function, sequence learning and the 
implementation of individual movements into unified arrangements (Zatorre, Chen, & 
Penhune, 2007). Due to the simultaneous activation of these processes, which recruit 
multiple brain areas during music playing, music poses a unique brain challenge that has 
the potential to protect individuals from cognitive aging (See Figure 3.2). 
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Figure 3.1.  
 
Mechanisms Utilized to Play Musical Instruments  
 
 
Note. This figure is visualization of the many domains involved in music playing and how 
they are interconnected.  
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Many regions of the brain where music is processed have been discovered, although 
the brain has the ability to reorganize these regions and capabilities and reallocate their 
functional responsibilities, a process called neuroplasticity. The brain’s potential to engage 
neuroplasticity may make the specificity of neuroanatomical functions addressed 
temporary (Levitin, 2006). Musical training is one lifestyle factor that has been shown to 
produce this rewiring. As older adults age they become more susceptible to cognitive 
impairment and may benefit the most from this reorganization to make up for those 
deficits. We will focus on this rewiring through musical training in older adults specifically. 
Before we begin we will define music in an effort to address what makes something music 
as well as explain how the elements of music can activate the brain.  
Defining Music Engagement 
Although results are promising of music’s effects on cognition they are vague. Music 
engagement is broad and often undefined. Frequently, research examining the relationship 
between music and cognition defines music and music engagement in multiple different 
ways (years of experience, level of experience, professional versus amateur), to determine 
music’s potential to provide protection against cognitive impairment (refer Table 3.1). Early 
work in the field focused on the effect of early musical training (Chan, Ho, & Cheung, 1998). 
The frequency of musical participation, in particular, the number of days per week that an 
individual played a musical instrument has also been examined along with a number of 
other cognitively stimulating tasks (Verghese et al., 2003). Effects of increased participation 
in cognitively stimulating activities have been researched to determine whether the 
activities (of which musical instrumentation was included) could delay the onset of 
cognitive impairment (Hall et al., 2009). Music at the career level has been studied through 
orchestra members, as a result, these musicians had repeated and prolonged exposure to 
music (Grant & Brody, 2004). Music exposure has been measured in quantity of years of 
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musical training, resulting in a benchmark of 10 years, as the amount of necessary time 
needed for music to influence cognitive functioning in advanced age (Hanna-Pladdy & 
MacKay, 2011). More recently music was measured by the level of musical knowledge; 
findings indicating that those with the highest levels of musical training, among three 
categories benefited from music to the greatest extent (Gooding et al., 2014). Before we 
discuss how we can close this gap in the research involving concretely defining music 
engagement we must define music in general. 
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Table 3.1. 
Studies Examining Music’s Potential to Provide Protection from Cognitive Decline 
First Author Baseline age 
range, years  
No. of 
Musicians 
No. of Non-
musicians 
Measurement of Music  Age Part. began Music 
Training  
      
Krampe, 
1996 
20-68 
 
 
 
48 n/a Performance   Experts=6.75 yrs.  
 
Amateurs=9.33 yrs.  
Meinz, 2000 19-88 107 n/a Used questionnaires to 
evaluate training Experience  
 n/a 
Strait, 2010 18-40 18 15 
 
 
Total 
=33 
 
Auditory attention 
performance of musicians  
<9 yrs.  
Grant, 2004 ≥ 65 
 
 
23 n/a Musicians=playing 1 or more 
years in an orchestra  
 
4-14 yrs.   
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Hanna-
Pladdy, 2011 
60-83 
 
 
 
 
21 low 
22 high  
 
 
21 
 
 
Total 
=70 
 
Number of years of musical 
activity  
High activity 
musicians—avg. of 9.7 
yrs. 
Parbery-
Clark, 2011 
45-65 18 19 
 
Total  
=37 
 
Auditory system, speech and 
noise ability of musicians  
At or before age 9 
Gooding, 
2015 
≥ 60  
  
 
 
77 low 
78 medium 
82 high 
 
n/a 
 
 
 
Total  
=237 
 
Self-report questionnaire of 
musical knowledge   
n/a 
Schroeder, 
2016 
X=21.9 42 musicians  
69 bilingual & 
musicians 
 
43 bilinguals 
65 controls 
 
Total 
=219 
 
Basic Musicianship  n/a 
Zendel, 2012 18-91 74 89 
 
Total 
=163 
 
n/a n/a  
Moussard, 
2016 
X=69 17 17 
Total 
=34 
Executive control in musicians  8.8 yrs.  
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Defining Music 
Music wellness or promotion of good mental and physical health through music can 
be, but does not have to be, through music therapy. Not all music wellness programs or 
music interventions categorize the music stimuli used, as music therapy. The lack of 
development of a definition of music therapy has posed as a difficulty in the field due to the 
illusiveness of the term “music” as a definable construct (Taylor, 2010). Because music is 
such a widely used term that could address a variety of concepts we will get back to the 
basics and refer to the dictionary. Merriam-Webster dictionary defines music as “The 
science or art of ordering tones or sounds in succession, in combination, and in temporal 
relationships to produce a composition having unity and continuity” or “vocal, instrumental, 
or mechanical sounds having rhythm, melody, or harmony” (Merriam-Webster, 2017). For 
the purpose of the current research, music will be defined as an audible sound that has a 
logical pattern or rhythm that can be followed by individuals, even those with naïve musical 
experience. Musical activity is distinct from music listening as it involves active 
participation in music. The various elements of music can activate the brain passively and 
also bring in the acquisition of active involvement with music in a direct purposeful way. 
Direct active involvement in music versus passive involvement affects the level of challenge 
that music promotes. That challenge comes from the cognitive ability of attention. Active 
music involvement requires more attention than passive involvement; the ability to recruit 
the attention needed to complete higher levels of music involvement promotes challenge. As 
we become more involved with music we must pay closer attention to it and this increase in 
attentional resources challenges our brains.   
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Attention 
All the actions we complete throughout the day that are not routine functions or 
overlearned habits can be categorized under attention (Zimmermann & Fimm, 2002). 
Attention is defined in the literature addressing cognitive science in a vast amount of ways. 
Leclercq and Zimmermann (2004) address the absence of a standardized definition of 
attention and define it as “the function by which experiences and thoughts are given a 
systematic and chronological structure…allowing the individual to form a real-time percept 
of reality.” Attention has also been explained as a selective or focal process that individuals 
use to selectively process some events resulting in the detriment of processing others 
(Leclercq & Zimmermann, 2004).  
Language and Attention 
     Definitions, processes and theories of attention are pertinent to explain because 
musical training requires extensive amounts of attentional resources. Music is often 
referred to as a language that people can read and understand, for example notes on a page 
being the words of the language and audible notes being played as the oral part of the 
communication. Even though notes are transcribed into a motor action rather than a stated 
word they are read like a language by musicians. Because music can be referred to as 
another language, language and music are often compared. Research aiming to explain the 
involvement of attention in language acquisition has distinguished that all types of 
attention-demanding situations are recruited during language acquisition (Segalowitz & 
Frenkiel-Fishman, 2005). One way that the recruitment of attention during language has 
been studied is through bilinguals who have linguistic, reading and interpreting skills in 
more than one language.  
In order for a bilingual speaker to recruit the correct word that they are thinking of, 
that they have an equally equivalent word in their memory in another language, they have 
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to perform language switching, which is said to be possible through inhibition of the 
unintended language (Garbin et al., 2010). Inhibition is a type of attention that bilinguals 
have to exercise each time they speak or read another language, and therefore it is practiced 
by bilinguals frequently. Consequently, it is not surprising that a study investigating the 
relationship between attention control and language proficiency found that bilingual’s 
speed of attention control in their second language was related to a significant proportion of 
variance in language proficiency of that language (Segalowitz & Frenkiel-Fishman, 2005). 
This showed that skills in attentional resources are necessary to be a bilingual, possibly 
suggesting that they may have superior performance in attention due to practice. Quite 
similarly this has subsequently been examined by studying the relationship between 
bilinguals and cognitive control, which requires measures of attention. Results indicated 
that bilinguals were better able to suppress distractions in cognitive testing than control 
subjects (Schroeder et al., 2016). Garbin et al. (2010) examined similar ideas with a goal of 
assessing whether bilingualism had an impact on brain areas that are recruited for task 
switching. They found that bilinguals had reduced switching cost measured in reaction time 
with particular attention to time deficit, that existed when switching from one task to 
another, which was related to activation in the striatum (putamen). They also found 
significant differences between monolinguals and bilinguals in the cortical network 
involved in cognitive control. These two studies provide evidence that the same areas of 
bilingual individual’s brains used to switch between native (primary) language and non-
native (secondary) language are activated when completing cognitive tasks that are not 
associated with language. In summary, bilinguals’ attentional resources and specifically 
cognitive switching and control, are superior to monolinguals due to repeated practice in 
filtering out the non-target language and switching between two separate languages. 
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Musical activity recruits the same attentional resources and cognitive switch properties as 
bilingualism.  
Music and Attention  
As Rodrigues, Loureiro, and Caramelli (2013) point out in the hypothesis of their 
study, musical training may be associated with improved attention skills due to its 
multifaceted nature (P. 230). Playing a musical instrument is a complex cognitive task, 
which involves cognitive components, but also the recruitment of multiple sensory systems 
(visual, auditory & tactility), and motor function. The recruitment of all of these different 
domains is necessary to play a musical instrument, but intricate coordination and 
communication between the systems, which requires concentrated attention, is also 
necessary. This coordination originally occurs between visual acuity (reading notes) and 
motor activity (pressing the keys or plucking the strings) functions, which are all connected 
by central processing. The ability to generate and use these mental representations 
effectively is said to be one of the hallmarks of professional performers (Lehmann & 
Davidson, 2002). Completion and practice of these processes may enable musicians to score 
higher on cognitive testing. Exercising these domains requires recruitment of attentional 
resources as they play. Attention makes the recruitment of multiple different functions, 
processes and the coordination between them possible.  
Focusing attention on and off multiple stimuli during cognitive tasks can be 
described as cognitive switch. Research examining cognitive switch addresses the cost of 
switching trials or switch cost, oftentimes resulting in declines in processing speed during 
cognitive task performance (Wylie, Javitt, & Foxe, 2003). Otani (2002) states that long-term 
potentiation (LTP) may drive neuronal mechanisms of prefrontal switch functions. LTP is 
the strengthening of brain synapses due to repeated patterns of activity, or simply practice 
effects due to repeated practice. For example, musicians may have the ability to use 
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cognitive switch effectively and without performance degradation because of LTP of their 
task of playing a musical instrument, which requires simultaneous switching between 
multiple cognitive tasks. Musicians constantly have to switch from one cognitive task to the 
other while playing a musical instrument and without much time to do so. This switching, 
for example, as described above from reading notes to responding to auditory feedback and 
then switching again to give attention to motor motions of playing a musical task, have to be 
immediate. Therefore, musicians may perfect the cognitive switch process through musical 
practice or LTP. Due to these mechanisms, musicians may have superior attentional 
resources, which may be the source of their cognitive protection. Professional musicians 
engage in this process of recruiting the right mechanisms and generating the amount of 
concentration and attention required to make music playing possible, dozens of hours a 
week, usually on a daily basis. In fact, deliberate practice is closely related, even in elite 
performers, to expert performance of music (Ericsson, Krampe, & Tesch-Römer, 1993). If 
the person is a life-long musician, they are continually strengthening facets of attention 
while they deliberately practice.  
To conclude, recruitment of attention is required to make musical training and 
practice possible; due to its multifaceted nature, it requires shifts in attention to the 
multiple different functions, both sensory and motor driven in nature. Required 
coordination between these various functions or cognitive switch between the systems 
requires extensive amounts of attentional charge. Practicing music, which requires 
attention, especially repeatedly practicing music, may lead to superior ability in performing 
cognitive tasks.  
Attention in Bilinguals and Musicians 
Both bilinguals and musicians are required to recruit attention during language 
acquisition and musical training in similar ways through inhibition. Schroeder, Marian & 
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Bartolotti's (2016) study examined cognitive control of individuals who had at least one if 
not both of these lifestyle factors (bilingualism and musicianship). Consistent with studies 
examining these lifestyle factors separately, bilingual and musician participants had better 
cognitive scores than control participants. Results indicating that older adult musicians are 
more capable than non-musicians of filtering out speech in noise (Zendel & Alain, 2012) are 
linked with these results seen among bilinguals and musicians, which indicate that both are 
better able to inhibit distractors during cognitive testing than controls (Schroeder et al., 
2016). Schroeder et al.’s (2016) study explains that musicians may have this ability of 
inhibition or filtering out because of the challenges they face while practicing music that 
includes inhibiting interference of untargeted melodies, which could as a result improve 
cognitive control. Musicians also have to filter out procedural memory of prior learned 
musical pieces when learning new musical pieces. Similar descriptions are given in the 
literature explaining why bilingual participants have superior attentional inhibition 
compared to monolinguals. Bilinguals need to eliminate non-target words when speaking 
out of one modality, the mouth, while still having two words in different languages that 
mean the same thing encoded in their long-term memory. This requires bilinguals to filter 
out the non-target language. Switching between speaking two different languages and 
practicing different musical pieces on an instrument requires complex cognitive ability. 
Research examining attentional control during complex cognitive tasks states that superior 
ability to manage attentional resources often distinguishes novices from experts 
(Segalowitz & Frenkiel-Fishman, 2005). This type of attention related skill that musicians 
and bilinguals have in common can be described as top-down modulation, or the 
individual’s ability to recruit attention to target stimuli for the current task and ignore 
distractions that are not relevant (Gazzaley & Nobre, 2012). The superior ability of 
musicians and bilinguals to filter out unimportant information is found when participants 
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are tested in auditory (Zendel & Alain, 2012) and general cognitive (Schroeder et al., 2016) 
domains. Gazzaley & Nobre (2012) indicate that top-down processing is not an intrinsic or 
institutive process of the sensory cortices, but a property that requires long-range feedback 
from the areas of the brain that facilitate control, such as the prefrontal and parietal cortex. 
 This information gives us further reasoning why musicians may have superior 
attentional resources, as this could be a learned process of inhibition acquired from 
prolonged repeated practice and training on their musical instruments, which requires 
attention and specifically top-down modulation. The current research will examine 
musician’s EEG recordings and compare them with the patterns seen in prior studies 
exhibiting attentional inhibition, based on activation patterns and signature type. 
Examining patterns in EEG recordings associated with attentional inhibition, during tasks 
not associated with playing music, may help the current research distinguish transfer 
effects.  
The current study will examine these links between attentional ability and lifestyle 
factors (musicianship and bilingualism) by specifically examining mechanisms behind 
musical training and cognition, with hypotheses indicating musicians have superior 
attentional resources. When studying the literature on this topic we have discovered that 
musically trained participants in comparison to non-musicians are shown to have superior 
auditory attention (Parbery-Clark et al., 2011; Strait et al., 2010; Zendel & Alain, 2012) and 
visual attention (Amer et al., 2013; Moussard et al., 2016; Schroeder et al., 2016). Zendel & 
Alain’s (2012) study on musicians and age-related decline in central processing addresses 
another type of attention, that of inhibition or filtering out of the unintended noise. The 
study found that musicians were better able to filter out speech in noise, possibly indicating 
that musicians not only had superior ability of one specific type of attention, but also that 
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musical training may lead to enlargement of the structures within the brain that support 
somatosensory and auditory function. 
The current research examines older adult professional musician’s performances on 
attentional tasks through cognitive testing. Although Rodrigues and colleagues (2013) 
studied professional musicians who belonged to orchestras with demanding rehearsal 
schedules, the average age of participants was 33.3 years; therefore, the participants have 
not had life-long repeated exposure and are not being tested as older adults. The majority of 
studies examining attention are similar as they test young or middle-aged participants, and 
none, other than Rodrigues et al. (2013), studied professional musicians. The current 
research will be differentiated from others as it examined life-long professional musicians 
and their late-life neuro-cognitive performances. 
Attention and Cognitive Challenge in Music 
The amount of attention that individuals pay to music affects the level of challenge 
the music promotes. As more elements of music are added to the musical experience the 
more challenging the music becomes and the more attention it requires. The different 
elements of music include, meter, time, rhythm, tempo, notes, pitch and composition. Each 
of these elements of music can mean different things to those who are naïve to music versus 
those who are musically trained. Levitin’s (2006) book about the human brain’s responses 
to music defines the different elements of music and we will refer to this book for basic 
definitions. Rhythm is described as the length of notes, also referred to as duration, and 
tempo refers to the pace of a piece of music. Meter can simply be described as tapping a foot 
to a beat hard versus light, in a specific time sequence. Pitch may be more relevant to 
musicians as it is said to answer the question “What note is that“ (Levitin, 2006) and these 
notes make up what is called the musical composition. The addition of these various 
elements of music can affect how involved or engaged someone is with music. As a person 
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starts adding motor involvement to music, by stomping or bobbing their head, their 
engagement with the music becomes more complex. Changes in tempo or timing and 
rhythm, affect the amount of attention that is paid to the music and as a result the amount of 
challenge that is involved. 
A critical look at how attention is used within the levels of music engagement will be 
used to facilitate discussion of challenge and potential reserve brought on by music. Music 
provides a mode or outlet to study cognitive challenge and we will address the specific 
levels of that challenge by providing a model of music engagement. 
 
Music Engagement Model 
Music has been considered a “Universal human competence…used and constituted 
in so many different ways” (Cross, 2001). Music is part of nearly every culture and society in 
existence, likely dating back to prehistoric times when families or clans made drums out of 
tree bases and stretched animal bladders over them to be played at various ceremonies. 
Although less common now, music was taught along with math, Latin and philosophy, not as 
a special subject once a week but as a core class (Bresler, 2005). Musical competence or 
involvement can be categorized into two major groupings, active and passive, with multiple 
levels of music involvement situated within each of these categories. The spectrum can 
range from isolated and passive music listeners, to those more involved in a crowd, and 
extend to those who occasionally play music as a leisure activity as well as to some 
individuals who choose to make music their life focus and become actively proficient in a 
musical instrument by taking music lessons. People who take music lessons may move to 
higher levels of music engagement by majoring in music in college or enrolling in a 
conservatory where they are expected to meet a higher standard of ability than is found 
with basic music lessons. Music majors are situated within the upper level of the music 
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involvement spectrum. This category of involvement may also include professionals in the 
musical field who have a career that involves music.  
These levels of music involvement have demonstrated effects on people’s cognitive 
ability at various ages. As we age, our capacity to complete tasks utilizing cognitive domains 
diminishes in multiple capacities including memory ability, the ability to recruit attentional 
resources and the ability to execute tasks with optimal processing speed (T. A. Salthouse, 
2010). However, studies have suggested that individuals who participate in music may 
experience lower levels of cognitive decline, suggesting a positive relationship between 
music and cognition. This relationship has been demonstrated on a broad spectrum of 
involvement.   
We will address the literature suggesting this relationship by explaining how the 
connection between music and cognition first began as we examine the literature that looks 
at music participation at the lowest levels of involvement. We will then continually build, 
discussing more additive layers of music involvement by addressing studies that examined 
participants who complete more active roles in music and discuss how the level may affect 
the cognition-music relationship and levels of challenge prompted by music. The first level 
of music involvement includes simple listening. This level of involvement can be 
experienced by virtually everyone with the exception of deaf individuals who listen by 
employing senses other than hearing, for example through sonic or light energy or various 
waveforms associated with rhythm and pitch. 
Passive Music Listening 
Research looking at the link between cognition and music was sparked by a finding 
known as the Mozart effect, which indicated a positive impact of music listening on a 
multitude of domains including increased IQ and spatial abilities (Rauscher, Shaw, & Ky, 
1993). The Mozart effect was brief, lasting only 10-15 minutes, and was initially explained 
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by effects of arousal that music listening provoked (Schellenberg & Hallam, 2005). This did 
not discourage researchers as results of the Mozart affect study were highly publicized and 
led to many subsequent studies investigating music listening and cognition.  
A study that looked at older adults living in some nursing home setting randomly 
placed participants in a music listening group, placebo group, or a control group. Those who 
listened to music were more alert, happier and had a higher recall of past personal history 
than placebo or control groups (Lord & Garner, 1993). A subsequent study found that 
patients with mild Alzheimer’s disease had higher autobiographical memory recall while 
music was playing than during silence (Irish et al., 2006). Participant’s anxiety levels were 
also recorded and a significant reduction in anxiety during the music condition was found, 
potentially suggesting links between anxiety level and memory ability (Mammarella, 
Fairfield, & Cornoldi, 2007). When a music listening condition was evaluated against 
background white noise and silence conditions, cognitive scores were highest in the music 
condition, lower with white noise and lowest during silence (Mammarella et al., 2007). 
Music listening can activate brain areas in a passive way; just by hearing music the brain 
areas responsible for auditory (temporal) and cognitive (frontal) function are passively 
recruited. Although, musical pieces that are very familiar to us do not require us to be as 
alert and attentive as novel pieces of music. Background music that we have heard a 
thousand times may become white noise. For example, students purposely listen to music 
they have already heard while studying so that it does not distract them. Therefore, when 
less attention is focused on music it may result in less challenge or brain stimulation, though 
this concept is complex, as attentional inhibition or suppression of background music 
requires attention as well. If we hear a new song we pay more attention to the notes being 
played because we do not know when the song will end, what the next note, pitch or rhythm 
will be and as a result sensory involvement and attentional demand increases.  
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Active Music Listening 
Studies examining active music listening were designed through listening conditions 
using polyphonic music or music played with more than one instrument. Subjects were 
asked to shift attention to one of three instruments, which involved direct concentration of 
specific notes and focus on the tone or sound of the target musical instrument. Results 
showed subjects were able to pay attention to particular instruments while polyphonic 
music was played (Treder, Purwins, Miklody, Sturm, & Blankertz, 2014).   
When participants were tasked with paying attention to one instrument amidst 
multiple that were playing they had to focus or attend to the specific elements of the music 
that distinguish one instrument from another. The elements of music that they were most 
likely paying attention to in order to complete the instrument identification task included 
differences in pitch and tone. Specific notes, or differences in the sound of one note versus 
another, can be defined as pitch in music (Levitin, 2006). Different notes are strung together 
by instruments to make a complete pattern and sound. Tone is the frequency you hear, 
while pitch is something you sing or play with, as musicians match pitches by playing a note 
we hear a different tone. Treder et al.’s (2014) study showed that as musicians used focal 
attention to attend to these specific elements of the music (e.g. tone and pitch) in an effort 
to focus on one instrument and inhibit another, the focus on these elements of music 
increased challenge to the listener. They were no longer passively listening, but actively 
honing in on specific elements of the sound. An EEG study showed that levels of attention 
also increase during active levels of music playing. Theta power increased depending on the 
participant’s level of concentration on the music (Katayama, Hori, Inokuchi, Hirata, & 
Hayashi, 1992). Theta signatures are related to attention; therefore, they activate 
engagement of music increased the amount of attention needed to complete the music 
exercise, seen through increases in theta power. The challenge brought on by music also 
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increases due to increases in required attention. These two studies show that shifts in the 
challenge produced by music due to attention are seen during music listening and music 
playing. While research that studied music listening yielded promising results of music’s 
effects, music research studies involving auditory and physical engagement have emerged.   
Active Music Involvement: Level 1 
  Physical engagement with music increases the level of challenge because physical 
motor action requires recruitment of additional brain areas as well as coordination between 
listening and physical activity. For example, when someone is listening to the rhythm or 
beat of the music to know when to stomp during a school pep rally when the band plays. 
The band may just be background noise until halftime when the conductor asks the crowd 
to get involved with a cheer by physically making noise with their feet on the bleachers.  
Scientists have recognized that involvement of more senses during studying and 
learning helps students retain more information. This can involve saying the definitions out 
loud so that we can read the words visually while at the same time hear them audibly, while 
also moving our finger across the page as we read to bring in the sense of tactility. Similarly, 
the use of more senses during music intervention has shown to provide positive effects on 
cognition. These methods may facilitate positive results on cognition because as we engage 
more senses we are paying closer attention to the material. Singing, humming or using the 
steering wheel as a drum in the car increases music involvement because it brings in a 
physical component and more sensory systems; results have shown that this increase in 
music involvement helps facilitate benefits from music to cognitive ability.  
We witness this when people are segregated into either active or passive music 
involvement groups and their cognitive ability is tested respectively. In Lappe et al.’s (2008) 
study the active group used sensorimotor and auditory ability as they learned to play a 
musical sequence on the piano. The auditory group listened and made judgments about the 
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active group’s playing. The sensorimotor group physically learned how to play music. 
Larger responses of activation and greater changes in auditory areas of the brain seen 
through MEG recordings were found for those in the active music intervention group than 
for the music listening group. Evidence from this study suggests active music involvement 
invokes more change than just listening to music. Active music training using a musical 
game and auditory and physical activity has also shown promise in affecting cognitive 
ability positively in comparison to those who participated in the typical senior community 
activities, who were used as a control (Kim et al., 2015). When singing versus physically 
playing an instrument was studied those who played an instrument scored higher on 
processing speed, learning, and working memory tasks than those who sang (Mansens, 
Deeg, & Comijs, 2017), suggesting playing a musical instrument provides more benefit to 
cognition. These benefits on cognition seen from increases in physical action with music 
require increases in attention and may also bring on more challenge, which promotes 
further cognitive reserve. The question about whether more music involvement could 
further influence cognition beyond simply bringing in physical activity was answered by 
studying those who knew how to play a musical instrument.  
Active Music Involvement: Level 2 
When music involvement becomes more deliberate individuals move beyond just 
including physical action to match music beat, they participate in measured ways. Specific 
factors that may lead to this level of music involvement include access to an instrument so 
that an interest to learn and play music is possible. When instruments become accessible or 
affordable, interested parties can hone their skills beyond occasional use of an instrument 
in school and use the instrument more often as a hobby or activity to enjoy outside of work 
or school.  
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     Playing a musical instrument as a leisure activity has been associated with lower 
risk (Scarmeas et al., 2001; Verghese et al., 2003) and later onset of cognitive impairment 
when comparison to other activities (Hall et al., 2009). Hanna-Pladdy and Gajewski (2012) 
studied the effects of music playing as a leisure interest controlling for participant’s general 
activity level. Results indicated that lower risk of cognitive impairment was not due to 
musician participants having higher levels of general activity engagement (Hanna-Pladdy & 
Gajewski, 2012) A study of over 150 older adult twin pairs revealed that individuals in the 
dyad who played music were less likely to develop dementia compared to their co-twins 
who did not play an instrument. Playing a musical instrument was significantly associated 
with reduced probability of being cognitively impaired in this twin study (Balbag, Pedersen, 
& Gatz, 2014).   
The improvement of music skills beyond leisure activity might become possible 
through instruction or lessons, which are shown to affect various different domains of 
cognition. These individuals usually enjoy music as they have become motivated enough to 
concentrate on it and practice occasionally, although it is still not their primary focus in life. 
Taking music lessons leads individuals towards becoming a proficient player who can read 
notes and translate them into motions that are connected and coherently audible, beyond 
the occasional player. The benefits of having this ability to read music are promising;  
participants who indicate they are able to read notes received higher scores on cognitive 
testing (Gooding et al., 2014).   
Generally, there is an association between musical training or deliberate learning of 
music, typically through lessons, and cognitive ability in older adults (Amer et al., 2013; 
George & Coch, 2011; Hanna-Pladdy & Gajewski, 2012; Hanna-Pladdy & MacKay, 2011; 
Meinz, 2000). We will start by examining young music learners who were randomly 
assigned to take private keyboard lessons and were compared to those who took computer 
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lessons. The keyboard players improved their spatial-temporal reasoning while the children 
in the control and computer lessons group did not, surprisingly these were recorded as 
long-term effects (Rauscher et al., 1997).  
Although these effects of music were investigated on children, similar results have 
been indicated for adults. A subsequent study that randomly assigned older adults to 
participate in individualized piano instruction versus an untreated control group also found 
that music lessons significantly improved participant’s cognitive abilities (Bugos, Perlstein, 
McCrae, Brophy, & Bedenbaugh, 2007). A pre and post-intervention design showed that 
when musically naïve participants, who received piano lessons, were matched with a 
control who completed other types of leisure activities, a significant main effect of condition 
was found (Seinfeld, Figueroa, Ortiz-Gil, & Sanchez-Vives, 2013). While all conditions 
improved, the piano group improved significantly more than the control on tasks of 
attention and other executive functions. These studies focusing on music intervention 
through piano playing in randomized control trials indicate causational effects of music 
playing on cognitive aptitude. Wang and colleagues (2015) studied the relationship 
between music training and attention in a group of college-aged students ages 18-25. They 
found that musical training is associated with superior performance on timing-based 
sustained attention. A subsequent study using a similar aged, college student participant 
base, researched music training’s association with improvements in cognitive skill. These 
individuals were not self-taught musicians who wanted to be able to play music with friends 
for fun, they were music school students taking part in extensive formal music training, 
their cognitive ability improved due to this training (George & Coch, 2011).  
But what about those who moved beyond learning music through lessons, those 
who did not just take music lessons for a few years as a child or gain music experience 
through a music wellness study? Next, we examine effects beyond simple short-term music 
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training intervention and explore how the amount of training can be compared and 
influence cognitive benefit. 
Active Music Involvement: Level 3 
  Advanced musical training places individuals into a select and unique category of 
people. Musicians with larger amounts of musical experience (high, >10 years), for example, 
score significantly higher on multiple cognitive tests when compared with musicians who 
have small amounts of musical experience (low, 1-9 years) (Hanna-Pladdy & MacKay, 
2011). Similarly, when musicians were placed into either a low, medium or high musical 
knowledge group by completing a questionnaire on their music knowledge, the high music 
knowledge participants scored significantly better on cognitive tasks than the low 
knowledge participants (Gooding et al., 2014).   
The studies discussed above are showcasing that more music involvement leads to 
larger effects on cognition. First, we addressed simple music listening followed by more 
involved music action completed by use of motor function, through studies examining 
participants completing the physical activity of playing music and auditory sensation of 
listening progressively to correct action due to feedback. Studies examining participants 
who played music as a leisure activity were addressed.  A comparison of musicians who 
have minimal music practice to those with more than a decade of music involvement was 
addressed. What all of these studies have in common is that they indicate music is 
correlated with cognitive ability. What we have demonstrated by putting studies in order of 
music involvement from least involved to most involved is that when results from the 
previous lower level of music involvement are compared to a group of individuals that were 
more musically involved, more involvement led to healthier cognitive status than the 
previously examined group.  
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The next comparison of musicians in the literature emphasizes formally trained 
participants, who were recruited from French conservatories and music schools. The 
musicians studied had more extensive amounts of training than our previous studies, with 
an average training duration of almost 40 years (Fauvel et al., 2014) in comparison to 
Hanna-Pladdy & MacKay’s (2011) participants who had 10 years of training. These 
musicians performed significantly better than those musicians who had a lower duration of 
training at 26 years. These studies underscore that the amount of musical training is 
important to examine when compared to cognitive ability. More training is correlated with 
higher scores on neuropsychological exams. 
In summary, there appears to be a direct positive relationship between music 
training and cognitive ability [See Table 3.2 for a sample of studies and the specific cognitive 
abilities typically examined and the measures used from Schneider, Hunter, Bardach, 
(2018)]. This knowledge derived from the categorization and comparison of the literature 
in the field led us to study those with the greatest amount of training and music 
involvement, in the current study, in an effort to honor the evidence surrounding increased 
benefit from higher levels of music involvement. This was completed by studying classically 
trained, professional, orchestral musicians, which allowed us to control the level of music 
involvement of our participants as well as other various domains of engagement such as the 
genre of music 
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Table 3.2. 
 
Types of Cognition Examined in Music Studies and Assessment Tools 
Author/year 
 
 
Type of cognition assessed 
 
 
Psychometric tests 
used 
 
Hanna-Pladdy and      
Mackay (2011) 
1. Verbal memory 
2. Verbal IQ 
3. Nonverbal memory 
4. Auditory Attention 
5. Auditory working memory 
6. Visual Attention 
7. Cognitive Flexibility 
8. Verbal and Language 
1. CVLT-III 
2. WAIS-III 
3. WMS-III 
4. Digit Span 
5. Letter Number 
Sequencing 
6. Spatial Span 
7. Trail A and B 
8.  Boston Naming 
 
Hanna-Pladdy and 
Gajewski (2012) 
1. Letter fluency, cognitive flexibility, 
verbal and language function, frontal 
executive functions 
2. General and verbal intelligence, 
working memory 
3. Verbal memory 
4. Visual attention, working memory 
and visuospatial functioning 
5. Nonverbal memory, visual attention, 
working memory visuospatial 
functioning 
6. Verbal and language functions 
7. Frontal executive functions 
 
1. D-KEFS 
2. WAIS-III 
3. CVLT-II SDFR 
4. Benton JLO 
5. WMS-III 
6. BNT 
7.  WCST 
Amer, Kalender, 
Hasher, Trehub, 
and Wong  
(2013) 
1. Pitch and word identification, 
auditory conflict resolution 
2. Cognitive Control/conflict 
resolution, 
3. Visual working memory 
4. Attention/Inhibitory control 
5.  Attention/control over distraction 
 
1. Auditory Stoop 
Task 
2. Simon Task 
3. Visuospatial Span 
Task 
4. Go/no-go 
5. Reading with 
Distraction 
 
 
Fauvel et al. (2014) 1. Verbal long-term memory, free recall 
2. Visual long-term memory, 
recognition 
3. Visual long-term memory, free recall 
1. Delayed Recall of 
Signoret BEM-
144’s 12 Words 
2. Doors Test 
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4. Auditory-Verbal Short-Term 
memory 
5. Processing speed, visual scanning 
6. Verbal Functions 
7.  Nonverbal Reasoning 
3. Delayed recall of 
Rey-Osterrieth 
complex figure 
4. Forward Digit 
Span 
5. Digit-Symbol 
Coding Subtest 
6. Semantic and 
Phonemic Fluency 
Tasks 
7. Raven’s 
Progressive 
Matrices Test 
 
Gooding, Abner, 
Jicha, Kryscio, and 
Schmitt (2015) 
1. Semantic verbal fluency 
2.  Episodic memory 
1. Animal Naming 
Test 
2. Logical Memory 
Story A 
Immediate Recall 
 
Moussard, 
Bermudez, Alain, 
Tays, and Moreno 
(2016) 
1. Verbal working memory 
2. Visual Spatial working memory 
3. Receptive Vocabulary 
4. Fluid Intelligence 
5.  Executive function 
1. Word Span 
2. Corsi Blocks 
3. Peabody Picture 
Vocab Test 
4. Cattell Culture 
Fair Intelligence 
5. Stroop Test 
 
Bugos, Perlstein, 
McCrae, Brophy, 
and Bedenbaugh 
(2007) 
 
1. Performance IQ, Working memory 
Index and Verbal IQ 
2.  Visual processing and planning 
abilities 
1. WAIS-III 
2. Trail Making Tests 
A and B 
Seinfeld, Figueroa, 
Ortiz-Gil, and 
Sanchez-Vives 
(2013) 
1. Cognitive deficits 
2. Conceptualization, item generation, 
motor sequencing, interference 
sensitivity, inhibitory control, 
environmental autonomy 
3. Intelligence 
4. Visuospatial organization 
5. Immediate and working verbal 
memory 
6. Immediate nonverbal memory and 
nonverbal working memory 
7. Visuomotor tracking, divided 
attention, cognitive flexibility and 
motor function 
8. Divided attention, visual scanning, 
visual tracking, perceptual speed, 
motor speed and memory 
1. MMSE 
2. FAB 
3. WAT 
4. Block Design 
5. Digit Span 
Forward and 
Backward 
6. Spatial Span 
Forward and 
Backward 
7. Trail Making Test 
A and B 
8. Symbol Digit 
Modalities 
9. Stroop Test 
10. Formal Lexical 
Task 
  
 73 
Note. Table is derived from Schneider et al. (2018) IQ = intelligent quotient; CVLT = 
California Verbal Learning Test; WAIS = Wechsler Adult Intelligence Scale; WMS = Wechsler 
Memory Scale; D-KEFS = Delis-Kaplan Executive Function System; SDFR = Short; Delay Free 
Recall; JLO = Judgment of Line Orientation; BNT = Boston Naming Test; WCST = Wisconsin 
Card Sorting Test; BEM = Batterie d’Efficience Mn.sique; MMSE = Mini Mental State 
Examination; FAB = Frontal Assessment Battery; WAT = Word Accentuation Test; AD = 
Alzheimer’s disease; DSM-IV = Diagnostic and statistical manual of mental disorders 
(American Psychiatric Association, 2017).
9. Processing speed, selective 
attention/inhibition 
10. Problem-solving strategies 
 
Grant and Brody 
(2004) 
 
1. Cognitive screening 1.  MMSE 
Balbag, Pedersen, 
and Gat (2014) 
1. Neurological assessment 
2. Screening for Dementia diagnosis 
1. Consortium to 
Establish Registry 
for AD 
2. DSM-IV of mental 
disorders 
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Highest Level of Active Music Involvement: Professionals  
 Few studies carefully involve musicians who fit into the last and highest level of 
music involvement. These individuals may have majored in music in college in an effort to 
make music their primary life focus and their career. They are professionals who live off the 
money they make performing music. Literature that examines this level of musicianship is 
sparse. The first levels of professional musicians in this category are soloist musicians. 
Without competing with other sounds and having to inhibit other musician’s instruments 
through attentional ability, like instrumentalist do when playing polyphonic music (music 
consisting of several instruments playing in unison), soloists have lower levels of music 
complexity, challenge and music involvement than professional orchestra musicians.  
When attentional interference using musical stimuli was studied by comparing 
working memory ability with musical experience, in two different conditions, one where 
one instrument was heard and another where various multiple different instruments were 
heard, results varied depending on the number of instruments involved. Results showed 
that participation in conditions with more attentional interference from various 
instruments resulted in lower scores on working memory tasks, in comparison to those 
who heard only one instrument (Hall & Blasko, 2005). This supports our proposed model of 
the levels of music engagement, placing orchestra musicians higher on the engagement 
scale than soloist, because this research shows music involvement from more than one 
instrument results in more challenge to perform musical cognitive tasks. Therefore, 
categorizing professional orchestral musicians in a higher level of music involvement above 
a soloist’s music involvement level is sound.  
This brings us to the last and highest level of music involvement found within 
professional orchestral musicians who play polyphonic music. Involvement in polyphonic 
music is considered to be a higher level of music involvement because it embeds multiple 
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information streams and a higher level of cognitive complexity (Treder et al., 2014). 
Professional orchestral musicians who play at this level have been surveyed about the 
incidence of cognitive impairment. Results indicated that professional orchestral musicians 
(Grant & Brody, 2004) develop dementia less often than the general population. This study 
gave us insight into the cognitive status of those who occupy larger roles on the music 
involvement scale than those who are simply musically trained (such as in active music 
involvement stage #3). Amer and colleague’s (2013) study examined musicians, categorized 
as ‘professionals’ if they earned at least part of their annual income by performing music. 
The type of music performance that participants earned this income from and what 
organization this income came from was not identified. Musically trained individuals have 
different outlooks on music than their peers without training; this must be taken into 
consideration when discussing research about musicians and also when music research is 
conducted on them. As an individual increases their musical experience their perception 
moves from immediate to mediate processing (Campbell, 1991). This may decrease the 
level of challenge the music is bringing to the musicians because immediate (instant) 
processing does not require as much attention, if any at all, as mediate (delayed, effortful) 
processing does. Playing music does not take as much concentrated purposeful perception 
and processing if the instant or effortless processing is taking place like it often does in 
expert performers.  
Playing music at this level of engagement becomes implicit, or in a sense automatic. 
This automatization of music playing was effectively shown through a case study done of an 
older adult Alzheimer’s patient who was a musician. This 82-year-old was still able to play 
previously learned piano compositions during the late stages of her disease progression, but 
could not identify the composer who wrote the piece, recognize new information, or even 
remember her husband’s name (Crystal et al., 1989). This confirms that the ability to play 
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previously learned musical pieces is procedural, like knowing how to ride a bike. Procedural 
memory requires muscle memory, is completed implicitly and, unlike other forms of 
memory, does not require active levels of attention, like recalling the composer who wrote a 
musical piece does. An increase in the number of years musicians have played music may 
equate to them already knowing how to play many of the songs performed in plays, operas 
and popular concerts simply due to decades of experience in the field. As a result, some 
professional musicians rarely have to perform pieces they have not already learned or may 
only be expected to learn variations of a familiar piece, primarily using implicitly driven 
muscle memory. Therefore, musicians must sight read and learn new pieces or alternate 
genres of music in order to recruit active levels of attention and cognitive challenge. Music 
may not promote challenge if the music is not novel or if the music is overlearned and only 
requires procedural, implicit memory processes. Although challenge for high-level 
musicians does not completely disappear because they must still attend to pitch and rhythm 
and to coordination with other musicians.  
 Understanding this construct about perception helps us appreciate how different 
the musical experiences can be for musicians (who have masses of musical knowledge and 
involvement) than for those not musically trained. This also helps explain how important 
attention is in facilitating cognitive challenge during musical activity. Although the 
literature suggests a strong link between professional musicianship and cognition, results 
should be critically examined because professional musicianship is not concretely or 
uniformly defined in the literature. This is a common problem in music research examining 
behavioral geriatrics and effects on cognition (See Figure 3.2). 
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Figure 3.3   
 
Domains of Music Engagement 
 
 
A. Sensory: auditory, visual, tactility      --source diversity  
 
B. Motor/physical: fine (extremities and digits) + gross (core + head/neck)  --action diversity 
 
C. Cognition: Executive functions; memory, attention, learning/training  --mental diversity  
 
D. Emotional: anger, sadness, happiness; immediate vs. reminiscent diversity  --timing diversity 
 
 
 
                   A.         B.  
 
Context Elements:  
 
❖ Sensory environment (physical, social, educational)  
❖ Time (age, period, cohort, duration)                        C.        D.   
❖ Genetic makeup (pre-genetic disposition of cognitive impairment e.g. AD)  
❖ Level of music engagement (passive, active)  
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Professional Musicianship 
Operationalizing Professional Musicianship and Music Training 
Musical training is the intentional learning of music and can increase the depth and 
knowledge that has already been acquired from music learning accomplished through 
enculturation. Although many studies address the results of musical training and its ability 
to rewire the brain, provide cognitive reserve or enhance cognitive function (Bugos et al., 
2007; Gooding et al., 2014; Grant & Brody, 2004; Habib & Besson, 2009; Hanna-Pladdy & 
Gajewski, 2012; Hanna-Pladdy & MacKay, 2011; Wan & Schlaug, 2010), the definition of 
musical training can be vague and mixed in these investigations. For example, Hanna-
Pladdy and colleagues (2012; 2011) measured musical training by the number of years of 
musical activity. Grant & Brody (2004) measured musical training in those who had 
performed one or more years in an orchestra. Gooding et al. (2014) operationalized 
musical-training through self-reported musical training information and an objective, 21-
question test of musical knowledge (P.334); subsequent studies also used questionnaires to 
evaluate training (Giacosa, Karpati, Foster, Penhune, & Hyde, 2016; Meinz, 2000). This may 
be the most effective way to define the construct of music training because it uses the 
participant's knowledge and an objective measure rather than the commonly used, but 
arbitrary definitions used by researchers. Although these questionnaires do not examine or 
evaluate participants based on their actual playing, but their knowledge of music and music 
playing.  
Getting more specific about the definition of music training, it is important to 
discuss diversity in music training with respect to brain challenge. Hanna-Pladdy and 
colleague (2012; 2011) define music training using the number of years of musical activity, 
which is very vague and could contrast greatly from person to person. For example, there 
may be larger amounts of brain challenge provided to individuals who seek out and pay a 
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trained professional pianist to give them lessons versus those who simply try to play back 
or mimic what they hear on recordings. People who are self-taught musicians usually are 
not considered to be trained professionals. Another type of diversity of music training may 
come from someone who is also self-taught but does not teach themselves by ear, or by 
hearing a piece and trying to mimic it, but by buying a book and reading the instructions. A 
beginner book would have the person start with scales, where most music lessons start, and 
build on material with more complexity such as found in playing note patterns and chord 
progressions as they read. More complex brain challenge than paying a music teacher to 
provide formal lessons may come from a music conservatory or university specializing in 
producing musical experts by immersing them into the culture of music and training them 
consistently and constantly by the élite musicians in their instrument category. 
These differences in training, and associated levels of challenge, can be segregated 
into two categories; time-static challenge and time dynamic challenge. Time static (fixed) 
challenge is training that has a targeted task, homework assignments, and achievement or 
performance goals that emphasize development of motor technique and/or sensory and 
cognitive acuity. This type of challenge is more formal and purposeful in nature and is used 
in studies looking at music training interventions. Time-dynamic (changing) challenge 
causes people to push themselves beyond basic expectation, which causes them to devote 
real attention to the time-static challenges, which allows them to develop the knowledge 
and functional abilities necessary for self-challenge as opportunities support it.    
Advanced musical training is often used to describe training participants receive 
who researchers categorize as “professional musicians” although there is often a vague 
description about how participants fit into this “professional musicianship” category. It has 
been used to describe those who passed a musically driven university final qualifying 
examination after a minimum of 4 years of training (Rosslau et al., 2016), to define those 
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currently practicing as professionals or students involved in professional training (Giacosa 
et al., 2016), and also for those who are performing artists, full-time music teachers, or full-
time conservatory students who have an average daily practice time of one hour or more 
(Gaser & Schlaug, 2003). Moussard et al. (2016), make the assumption that professional 
musicians are those who have participated in life-long music practice. These studies show a 
correlation between music involvement and cognitive ability. However, without clearly 
defining the variable of music interaction, it is difficult to decipher how effective music is at 
influencing cognition and what type of training promoted greater challenge. These 
professional musicians who potentially benefit from music to the greatest extent are the 
rarity. The conditions leading up to becoming a professional are specific, unique and also 
important to understand in order to comprehend the potential benefits music may bring to 
individual's cognitive ability as they age. 
Uniform definitions of musical training and professional musicianship will help 
clarify results about music’s effects on older adult’s cognitive abilities. Music training is 
often not defined in terms of the type of challenge or in terms of formal versus informal. 
These details need to be asked of participants so that we can differentiate between the self-
taught guitar player and the child who is the product of a musical academy or parents who 
are music prodigies. By fully and meticulously operationalizing music training we will be 
able to distinguish differences in cognition potentially fostered by the challenge of music 
training completed. Future research should take varying levels and definitions of training 
into consideration in an effort to differentiate the type of training that may produce the 
largest amount of cognitive challenge. In summary the operationalization of music 
engagement and clear refinement of participant inclusion based on music experience is 
absent in the body of literature examining interactions between cognition and music. 
Although music training is often used as a term with universal meaning and not defined 
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further, the lack of operationalized vocabulary is a common issue in neuromusicology or 
music wellness studies mentioned throughout this dissertation.   
Professional Musicians’ Life Course  
Demographic information, for example, the age someone starts to learn music, has 
been shown to influence whether or not someone becomes a musician (Manturzewska, 
1990). Benefits thought to exist because of music training, such as brain change 
hypothesized to be due to music learning (Chan et al., 1998; Skoe & Kraus, 2012), are 
usually correlated with the age at which the participant started to play music (Gembris, 
2002). A common benchmark of 7 years is often discussed (Gruhn & Rauscher, 2002). When 
music is learned after the age of seven, the limit to what is known as the “sensitive period” 
structural changes and effects of brain plasticity are less evident (Chan et al., 1998; Habib & 
Besson, 2009). Other demographic information shown to influence the possibility of 
becoming a professional musician includes the area a musician grew up in and the type of 
education the musician’s family earned. The majority of musicians come from highly 
educated families who live in cities, not rural areas (Manturzewska, 1990). The area that an 
individual lives in could influence their development as a musician because the nature and 
size of a city often dictates access to music instruments and other materials and rank of 
instruction one can receive. The level of education of the family that the individual grew up 
in could influence the affordability of music instruments and music lessons as well as the 
vigor of music learning. Musicians who were from more urban areas could have received 
better access to music materials and lessons from experts in their instrument, therefore 
developing into a professional musician could come with more ease than those who had to 
do extensive initial work to obtain the resources and develop the ability to become a 
musician. With more concentration on music and less on the ability to afford music as a 
commodity, cognitive benefits from music may become more apparent.  
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Life Span Perspective of Music Development   
Brain and body development influences the ability to comprehend and actively 
participate in music throughout the human life span. Early childhood development can 
often inform later life ability, both music ability and ability in other cognitive domain, 
therefore we will address music development on various time points including very early 
stages, such as infancy, that may influence propensity of becoming a professional musician 
or becoming engaged or involved in music at all. For this dissertation's purposes music 
development will be referred to as the process of noticing at early stages and being able to 
process, recognize, and eventually engage in music throughout the life span. Music learning 
involves training and purposeful progression in musical skill, but music development is 
often implicitly absorbed from the environment, occurring through an unintentional 
recognition of music. Music development is a lifelong process (Gembris, 2002). Evidence 
suggests that the development of skills necessary for musicality start in utero and continue 
to progress throughout the life span into adulthood (Gooding & Standley, 2011). The 
understanding of musical development for children has relied on ideas of perception and 
cognition that have evolved through rich findings in the field of music teaching (Campbell, 
1991). In order for individuals to take part in musical activity, musical development and 
learning must take place. Developing musically can be accomplished in more than one way, 
through enculturation or by music training (Sloboda, 1985). When music development 
occurs through enculturation it is learned implicitly outside of direct instruction. 
One developmental theory of music learning states music is learned by forming 
schemata, (mental constructs or groups that help us gather new information), which 
become the basic building blocks for individuals to understand music and also the 
structures that allow processes of music cognition to develop (Campbell, 1991). The 
processes involved in learning music are similar to processes of learning language. 
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Coincidently, the majority of development in music and language skill occurs at the same 
time within the life span during childhood before the age of seven (Ettlinger, Margulis, & 
Wong, 2011). Reviews focusing on correlations of music and language state that music and 
language share similar neurophysiological, perceptual and cognitive foundations (Gordon, 
Fehd, & McCandliss, 2015; Habib et al., 2016; Patel, 2011). Explicit training is not necessary 
for processing language and music; both domains can be learned without formal instruction 
(Ettlinger et al., 2011).   
The topic of music development is widely researched and discussed. (Gooding & 
Standley, 2011) provide a review of the key phases of childhood musical development 
segregated by age brackets, which make learning anything musical possible. These phases 
will be used as a general guide in understanding the stages of music development as we age 
because of the topic's vast nature. Much of what is discussed about the progression of music 
development coincides with natural processes of maturation. For example, increased 
coordination and motor control developing around mid-childhood, around age seven, make 
physically playing musical instruments possible. 
Gooding and Standley’s (2011) Stages.  
Music development starts at the prenatal stage of development and is marked by the 
initial ability to hear sound inside the womb. Auditory function is the most developed sensory 
system at birth; even before birth babies can hear, respond to and learn auditory stimulus. 
We know that pre-born infants have this ability by monitoring their heart rate and bodily 
movements in the womb (Flohr & Hodges, 2002). Evidence of this development in the womb 
is shown through studies of infants who stop crying when hearing lullabies after birth that 
were played for them every day during the last eight weeks of pregnancy (Gembris, 2002). 
From birth up to one-year, musical development occurs through parent's involvement in 
music; abilities in this age category usually do not exceed beyond using music as a memory 
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aid. For example, learning a song to remember your ABCs. The learning processes of music 
start as instant and spontaneous perceptions of music, but this perception is limited because 
the individual has a small cognitive framework for music. As they experience more music this 
framework will expand (Campbell, 1991). With more experiences with music from 12 months 
to three years of age children can demonstrate culture-specific responses to music and start 
to move to music energy. Music preferences and aesthetic values, which evolve from 
enculturation are formed in the first two decades of life (Gembris, 2002). At this stage, 
children are building the vocabulary of music in their specific culture (Campbell, 1991). The 
next milestone chunked between three to five years of age is one of the most important age 
brackets for the development of musical abilities due to the emergence of motor patterns 
which are marked by an increased ability in pitch matching and rhythm capability. Between 
ages five through seven we develop the ability to directly and selectively listen at increased 
time spans and at age six we have the tools (motor capabilities and size) to start playing music 
most efficiently. By age seven singing and rhythm abilities are fully developed and will not 
progress without formal training or focused attention on self-development. Musical training 
is the intentional learning of music and can increase the depth and knowledge that has 
already been acquired from music development and learning accomplished through 
enculturation. Evidence suggests that musical training can induce powerful effects on the 
brain. Early instrumental instruction may physically change and mold adolescent’s brains 
(Gruhn & Rauscher, 2002). The mind has to effectively process musical stimuli in order for 
musical training to be effective.  
 
Music Processing 
Musical stimuli must be processed in order to learn and develop musically. Music 
processing is complex and has been studied for over 50 years, progressing each time the 
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question "Where is music processed" is addressed. Music processing is not completed in 
one specific area of the brain (Yinger & Cevasco, 2014) it involves almost all regions and 
neural subsystems (Levitin, 2006; Yinger & Cevasco, 2014). Conclusions about where music 
is processed in the brain have evolved through time. Changes, in theory, have digressed 
through time based on where in the brain music is processed and the level of music 
experience the player has acquired. Earlier research on music processing was done through 
sequence recognition tasks determining a musician’s ability to discriminate tone sequences. 
These exercises helped us to discover that the key element of where music was processed 
had to do with how experienced someone was in a musical domain. Professional musicians 
were shown to process musical tasks in the left hemisphere and non-musicians and 
amateurs processed music in the right hemisphere (Bever & Chiarello, 1974).  
Almost a decade later links between language and music processing were made and 
are still merited today. Gordon’s (1983) research showed that music had a right-left 
dichotomy of organization where music was processed in the right hemisphere and 
language was processed in the left. More recent research states quite the opposite, 
suggesting that the neural and cognitive mechanism used to process music are similar to 
and overlapping with, those used to process speech (Habib et al., 2016; Koelsch et al., 2002; 
Patel, 2011). This neurophysiological, perceptual and cognitive overlap of speech and 
language is located specifically in the bilateral inferior frontal gyrus and middle temporal 
gyrus (Ettlinger et al., 2011). The overlap in these two areas of the brain coincides with the 
areas that process sound and cognitive function, particularly executive functions. Evidence 
of this overlap is provided when musical intervention is successful at mitigating deficits in 
speech-processing  (Gordon et al., 2015; Habib et al., 2016).  
Further research on music processing gives more specific evidence indicating that 
how music is learned dictates where it is processed in the brain. In particular, when music is 
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taught declaratively through traditionally verbal instruction individuals show brain 
activation in the left frontal lobe, but when music is taught procedurally through actual 
playing and singing of music, activation in the right frontal lobe is shown (Altenmüller, 
2001).  
The brain uses functional segregation to process music by engaging specific 
detectors that analyze precise aspects of music, for example, rhythm and tempo (Levitin, 
2006). Without rhythm, music would be boring to dance to and without tempo, we would 
not have the distinction between rock and roll music to jam to, and classical music used as 
background noise to study. 
Neural correlates of music processing discovered through fMRI (functional Magnetic 
Resonance Imaging) scans showed that musical events activated the Broca and Wernicke 
area, the superior temporal sulcus, Heschl's gyrus, both planum plare and planum temporal 
and also the anterior superior insular cortices (Koelsch et al., 2002). Each of these areas that 
the brain recruits are needed so that the different elements of music can be processed, and 
music can be experienced holistically. 
Current advances in neuroscience give us more detail on where specific components 
of music are processed. Harmony, melody, rhythm, tempo, meter, duration and pitch make 
up music. Distinct neural circuits in the brain process each of these elements of music. 
Parsons (2001) completed a study using Positron Emission Tomography (PET) 
methodology that aimed at determining the neuroanatomy of harmony, melody and rhythm 
by examining Ph.D. faculty musicians. He found that different components of music activate 
distinct areas of the brain. The manifestation and reception of melody took place in the right 
auditory cortex (Parsons, 2001). The perception of rhythm (which includes duration, tempo 
and meter) activated few areas outside the cerebellum (Parsons, 2001) besides the basal 
ganglia, premotor cortex and supplemental motor area (Levitin & Tirovolas, 2009). In order 
 
 88 
to comprehend harmony, the left hemisphere is activated more than our right (Parsons, 
2001). And lastly, the pitch is processed specifically in the Heschel's gyrus. Additional 
elements of music can include intervals and contour, which are shown to activate the 
superior temporal gyrus and planum polare (Levitin & Tirovolas, 2009). In connection with 
discussion stating music shares the same neural signatures with language, recent evidence 
has suggested that speech rhythm and musical rhythm share neurocognitive resources as 
well (Magne, Jordan, & Gordon, 2016).  
The brain hemispheres Parson's (2001) study indicates each element of music was 
processed in were for Ph.D. faculty musicians or music professionals; non-musicians can 
sometimes yield different results of music processing and brain activation. When studying 
the functional neuroanatomy of the mental representations of musical rhythm by 
comparing expert musicians to non-musicians, the cerebellum, as well as the parietal and 
prefrontal cortex, is implicated while processing rhythm (duration, pattern, tempo and 
meter). Pitch is processed by non-musicians in the right superior temporal areas, and in the 
left superior temporal areas, for musicians. Non-musicians showed activation in the right 
medial frontal cortex and bilateral posterior lateral cerebellum, although musicians 
demonstrated significantly weaker or absent activation in these areas for tempo specifically 
(Levitin & Tirovolas, 2009). Some of the brain areas implicated during music processing are 
the same for non-musicians and musicians alike and some areas differ depending on the 
participant’s musical experience. 
 
Processing While Listening to Music  
Where music is processed has been addressed, but how this occurs is an additional 
aspect that has to be discussed in order to paint a complete picture of music cognition. We 
process music through our brains but experience it through our sensory system. The 
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inferior colliculus involved in the auditory pathways of the CNS (Central Nervous System) 
play an important part in our ability to hear music (Kempler, 2005).  
Music listening begins in the subcortical structures such as the brain stem and 
cochlear nuclei and travels upward towards the sides of the brain that encompass the 
auditory cortices (Levitin, 2006, p. 86). Frequency, intensity and duration of the auditory 
stimulus are processed through a decoding method in the cochlear nuclei (Yinger & 
Cevasco, 2014). The frequencies that humans can hear are between 20-20,000 Hz (Levitin, 
2006, p. 24). Yinger and colleagues (2014) break down the steps of auditory processing 
from a musical context. After decoding, the sound travels to receptors in the spiral ganglia 
of the cochlea where auditory conduction occurs, auditory impulses then travel to the 
superior olivary complex (in the hindbrain), then to the inferior colliculus where visual and 
auditory stimulus are coordinated and next the impulses move to the medial geniculate 
nucleus which helps make motor responses possible. Lastly, the input is transferred to the 
primary auditory cortex where the sound is organized (Yinger & Cevasco, 2014). In order 
for us to follow along with musical pieces that we are familiar with or have already heard 
and processed earlier, we have to use our memory and the primary region that employs this 
remembrance is the hippocampus (Levitin, 2006). 
Many of the regions in the brain where music is processed have been discovered, 
although the brain has the ability to reorganize capabilities and reallocate their functional 
responsibilities through neuroplasticity. The potential for the brain to engage in 
neuroplasticity may make the specificity of neuroanatomical functions temporary (Levitin, 
2006). Musical training is one lifestyle factor that has been shown to produce this rewiring. 
This dissertation will focus on this rewiring through musical training in older adults 
specifically. As older adults age they become more susceptible to cognitive impairment and 
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may benefit the most from this reorganization, potentially driven by music training, to make 
up for such deficits.  
Musical Training 
Although most individuals never progress beyond basic musical maturity, or the 
stage at which the greatest amount of musical skill is obtained without formal training, 
attained by age seven (Gooding & Standley, 2011), others choose to continue to develop 
musically and begin formal music training. Sloboda (1985) tells us that music learning 
occurs through enculturation and that musical training progresses the skills and 
understanding we receive from developments made through this enculturation. Musical 
ability, in adulthood, is normally distributed, like a bell curve, and as a result, it is suggested 
that everyone can benefit from musical instruction (Gembris, 2002). Due to this normal 
distribution, we have people who are professional musicians, those who play the piano for 
fun (amateurs), and those who are tone deaf, formally described as amusia in a population.  
How does one progress beyond amateur status and become a trained musician? Life 
span view on skill development, divided into five phases tells us that the second phase is 
filled with guided instruction until the student makes a commitment to the music (Lehmann 
& Davidson, 2002). It is here that a musician also makes a commitment to thousands of 
hours of concentrated practice if they want to ever become a professional. Although 
contrary to popular belief about individuals being born musicians, research shows that 
deliberate practice for a minimum of 10 years is important for the acquisition of expert 
performance (Ericsson et al., 1993). Intense practice can evoke change and is the most 
common activity musicians engage in during skill acquisition (Lehmann & Davidson, 2002). 
Individuals train their bodies to adapt to the demands of their skill. Lehmann and Davidson 
(2002) give some examples of these adaptations that are notable in musicians. In particular, 
musicians develop enhancements in the coordination of sensory input and motor 
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responses. They tell us that the most pronounced changes happen at the cognitive level. 
Further transformations can occur in the brains of musicians. Evidence about how powerful 
early musical instruction can be is demonstrated through research using measures of brain 
imaging technology that indicate music can physically shape and change the mold of 
adolescent’s brains (Gruhn & Rauscher, 2002). Details about the altered brain states of 
musicians will be addressed next.  
 
Non-Musicians versus Musicians 
  Changes, possibly due to above-mentioned training, exist in musician’s brains when 
compared to non-musicians, logically because of repeated training. Much research has been 
completed on how musicians differ from non-musicians chemically, in a neuroanatomical 
way, and how they functionally complete cognitive tasks differently. Other than structural 
differences results indicate musicians perform differently on select behavioral tasks, 
neuropsychological testing, and also in brain imaging recordings in comparison to their 
non-musical peers.  
Structural and Chemical Differences 
 With regard to structural differences, musicians have larger anterior corpus 
callosum, larger depth of the central sulcus in both hemispheres of the brain, and 
pronounced brain areas associated with the primary auditory cortex, the Broca’s area and 
the inferior frontal gyrus (Wan & Schlaug, 2010). Further, musicians have increased volume 
of the cerebellum (Baird & Samson, 2009). Neurochemically, music has been shown to 
regulate stress, influence emotions, and produce arousal responses through its ability to 
initiate reflexive brainstem responses. In particular, these brainstem responses affect heart 
rate, pulse, blood pressure, body temperature, skin conductance and muscle tension 
through chemicals such as norepinephrine and serotonin (Chanda & Levitin, 2013). Chanda 
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and Levitin (2013) investigated the link between music and the brain using PET scans; they 
found that music has the potential to reduce the human stress response in these 
investigations. These chemical and physiological responses to music have been noted for 
naïve musical listeners as well.  
Grey and White Matter Differences 
 Gaser and Schlaug (2003) found, through a voxel-by-voxel morphometric 
neuroimaging technique and MR (magnetic resonance) that investigated central differences 
in brain anatomy of professional keyboard players, that they have significantly larger grey 
matter volume in the following areas: primary motor and somatosensory areas, premotor 
areas, anterior superior parietal areas, and inferior temporal gyrus. Baird and Samson 
(2009) review of music’s effects on older adult populations recorded increased grey matter 
more evidenlty in the right auditory cortex. Grey matter was largest in this area among 
professionals; amateur musicians had less grey matter than professionals, and it was least 
pronounced in non-musicians. Differences in white matter integrity have been investigated 
in musicians as well. Effects of long-term musical training on working memory structures 
investigated through diffusion tensor imaging (DTI) has shown that musicians have reduced 
diffusivity and greater coherence, meaning water molecules did not move as freely 
throughout the brain, possibly due to more fibers and membranes present in sensorimotor 
pathways (Giacosa et al., 2016).   
Sensory Differences 
Much of what we know about the behavioral differences between musician and non-
musician brains, as well as effects of cortical restructuring through musical training, has 
been studied through brain imaging studies. Cortical plasticity recorded by 
magnetoencephalographic (MEG) of participants with musical training versus non-
musicians showed differences in pre and post musical training scans. An increased plastic 
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reorganization was noted in groups trained through sensorimotor means in comparison to 
those trained only through auditory domains (Lappe et al., 2008). This indicates that when 
sensory and motor mechanisms are combined, effects due to music are enhanced. MEG 
measures have also been used to determine how musicians process multi-sensory stimuli in 
comparison to non-musicians. It has been indicated that musicians do, in fact, process 
multisensory information differently than non-musicians.  Non-musicians produce 
interaction of opposite polarity between 60-80 ms, and musicians peak at 33ms (Schulz, 
Ross, & Pantev, 2003). These results show that musicians are faster at processing 
multisensory musical stimuli.  
Musical activity is a demanding cognitive task involving communication between 
multiple sensory systems. During this communication, coordination occurs between motor 
activity (pressing the keys or plucking the strings) and visual acuity (reading notes). As one 
visually looks at notes and then translates them into physical actions they simultaneously 
receive feedback from the auditory system and use it to correct specific fine motor functions 
or keep the current status. Logically the auditory system is one of the primary sensory 
systems used during the complex cognitive processes of musical activity and therefore is 
affected in unique ways. 
Auditory Specific Differences 
Musicians are noted to have specific enhancements within the sensory system when 
compared to non-musicians. Specific benefits that music may produce include superior 
auditory processing skills, in the form of auditory memory and attention as well as listening 
abilities (Kraus & Chandrasekaran, 2010). The effects of music on auditory function have 
been examined using tests measuring pitch discrimination in musicians versus non-
musicians (Tervaniemi, Just, Koelsch, Widmann, & Schroger, 2005) and professional actors 
versus professional singers (Rosslau et al., 2016). Both studies found that musicians had 
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better accuracy in pitch detection. Tervaniemi et al. (2005) also found an effect for the 
speed of pitch detection among musicians. When auditory, sound discrimination is 
investigated among children similar effects are found among musically trained adolescents. 
Saarikivi, Putkinen, Tervaniemi, and Huotilainen (2016) report finding suggesting that 
noteworthy executive function might be the cause of music training-related results when 
discriminating sounds, as indicated through brain imaging studies.  
Even though auditory processing ability generally decreases with age, older adult 
lifelong musicians are shown to experience less age-related decline in auditory processing 
than non-musicians (Zendel & Alain, 2012). In particular, results indicated that musicians 
had better auditory attention shown through the ability to filter out speech in noise when 
compared to their peers with no musical experience. The validity of results were extended 
in subsequent research when musicians were shown to have superior processing at the pre-
attentive level, or the level where stimuli are automatically processed or thereafter ignored 
when necessary (Koelsch, Schroger, & Tervaniemi, 1999). Research conducted in an effort 
to discover why musicianship can control or influence auditory function validated the above 
results. When musicians were given tasks that rely on cognitive control and either auditory 
or visual processing, musicians performed better on tasks specific to auditory attention 
rather than visual attention (Strait et al., 2010). Such results suggested that long-term 
musical practice is correlated and potentially enhances cognitive function. Practicing 
cognitive skills in this way may increase a participant’s auditory attention. Effects of musical 
training on auditory ability associated with attention may give us insight into new theory 
behind effects of musical stimulus shown to produce effects on cognition 
In summary, musicians have superior ability in auditory processing (Koelsch et al., 
1999; Zendel & Alain, 2012) and better accuracy in pitch discrimination (Rosslau et al., 
2016; Saarikivi et al., 2016; Tervaniemi et al., 2005) than non-musicians. Musical training 
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has also been shown to enhance literacy skills in children (Gordon et al., 2015) and has 
stood effective when used as a treatment intervention for children with dyslexia, improving 
reading abilities and auditory attention (Habib et al., 2016). These results suggest that 
specific lifestyle factors may be producing protection from cognitive impairment in 
populations of musicians.  
With an increased understanding of music's effects on the brain studied through 
differences in musicians and non-musicians, we can better determine how music is 
producing positive outcomes and utilize that information to create music interventions to 
reduce or delayed cognitive impairment. Musicians have neuroanatomical and chemical 
differences compared with non-musicians and, as a result, these differences can evoke 
changes in behavior/skill level, often indicated through neuropsychological examinations 
brain imaging technology.  
 
Studying Music and Cognition through Neuropsychological Examination 
Music can have effects on one’s body, brain, and health status; as a result, music has 
been used as an intervention for older adults to mitigate negative health outcomes. 
Research studies have focused on the effects of music intervention on everyday functional 
capabilities of older adults in a multitude of ways including their physical function 
(Bukowska, Krezalek, Mirek, Bujas, & Marchewka, 2015), autobiographical memory (El Haj, 
Postal, & Allain, 2012) and general memory capabilities (Baird & Samson, 2009; Bugos et al., 
2007), procedural support during painful and anxiety provoking medical procedures 
(Yinger & Gooding, 2015), quality of life (Sole, Mercadal-Brotons, Galati, & De Castro, 2014), 
mood states (Koyama et al., 2009; Lord & Garner, 1993), effects of stress and subsequent 
immune response (Chanda & Levitin, 2013), and the capacity to learn (Tamminen, Rastle, 
Darby, Lucas, & Williamson, 2017).  
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As emphasized throughout this chapter music may have the added potential to 
influence cognitive ability.  Without cognitive skill, there would be no music, no ability to 
listen to music or to play music. Music is a complex cognitive task, it is not surprising that 
cognitive researchers have investigated music's effects on cognition. Music’s potential to 
slow or protect older adults against cognitive impairment has been investigated in a variety 
of ways.  As suggested earlier the apparent protective effect observed among professional 
musicians may be caused in part by repetitive long-term practice, which leads to differing 
cortical brain organizations and changes in brain structures compared to non-musicians 
(Gaser & Schlaug, 2003).  
The association between musical training and superior cognitive ability further 
extends to findings involving older adults (Amer et al., 2013; Gooding et al., 2014; Hanna-
Pladdy & Gajewski, 2012; Hanna-Pladdy & MacKay, 2011; Meinz, 2000). Those with musical 
training (Balbag et al., 2014; Verghese et al., 2006; Verghese et al., 2003) and who occupy a 
professional musical career (Grant & Brody, 2004) have also been shown to less often 
develop diseases related to cognitive impairment. Such a collection of results suggests that 
musical training may promote neuroplasticity and, therefore, higher cognitive reserve in 
musicians (Bidelman & Alain, 2015; Fauvel, Groussard, Eustache, Desgranges, & Platel, 
2013; Groussard et al., 2010). Although these results are primarily correlational, research 
pointing towards causative effects of music on cognition are present in the literature (See 
Table 3.3 for a full list of causational music studies).  
The literature suggests that increased experience in a musical domain may support 
non-musical cognitive function in older adults, or an expression of music training onto 
cognitive skill maintenance. Altenmüller (2008, p. 413) suggests “musical training seems to 
be one of the most powerful stimuli to drive plastic changes in the central nervous system.” 
Training that promotes neuroplasticity could be valuable in protecting older adults from 
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cognitive decline. Unfortunately, levels of music engagement and training are poorly 
operationalized in extant studies. Consequently, it is not possible to determine an effective 
understanding from the literature of the relationship between music, a specific cognitive 
challenge, and the life span trajectory of overall cognitive performance. 
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Table 3.3.  
 
Studies Indicating Causational Effects of Music  
 
First Author, 
Year 
No. of 
participants 
in each 
condition 
 
Age 
Range 
Conditions Testing  Results  
 
Lord, 1993 20 
 
 
20 
 
 
20 
 
 
=60 total AD 
patients  
 
72-103 Listened to big band music 
from 20s & 30s  (Music 
group) 
 
Puzzle exercises (Placebo 
group)  
 
Drawing & painting 
(Control group) 
Questionnaires to 
measure mood and 
mental state  
 
Tests measuring 
ability to recall items 
from the past 
 
 
Analysis of variance showed 
music group was more alert, 
happier and had higher recall of 
past personal history than 
patients in placebo or control 
group  
Rauscher, 
1997 
34  
 
 
20 
 
 
24 
=78 total 
children  
 
3-4   Private piano keyboard 
lessons 
 
Private computer lessons 
 
 
Control  
4 Age-calibrated tests: 
1 assessed spatial-
temporal reasoning, 3 
tests assessed spatial 
recognition before 
and after training  
Sign. improvement on spatial-
temporal tests found for music 
group only—magnitude of sign. 
greater than one standard 
deviation and classified as a 
long-term effect 
Schellenberg, 
2004 
132 children 
post lessons 
6 year 
olds 
Random assignment  Children given lessons 
for 1 year.  
Music groups exhibited greater 
increases in full-scale IQ and 
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After lessons No. of 
children was 
Drama lessons—34  
Voice lessons—32  
Keyboard lessons—30  
Control—36 
Tested their IQ before 
and after lessons  
effects were generalized across 
IQ subtests, index scores and a 
standardized measure of 
academic achievement.  
Norton, 2005 39 
 
 
 
31 
 
 
=70 total 
children  
5-7 Were about to being 
weekly half-hour private 
music lessons 
 
Control—would not be 
involved in any musical 
instruction/training 
1) Wechsller Scales—
tested spatial spatial-
temporal recognition 
task, vocabulary skills.  
2) Raven’s 
Progressive 
Matrices—non-verbal 
test of reasoning 
3) Auditory Analysis  
4) Finger tapping 
5) Music Audiation—
music listening 
6) MRI 
 
Test administered to determine 
if musicians had neural diff., or 
innately superior visual-spatial, 
verbal or motor skills prior to 
training in comparison to those 
who were not seeking to take 
music lessons.  
They found no pre-existing 
neural, cognitive, motor or 
musical differences between 
groups.  
Bugos, 2007 16 
 
 
 
 
15 
=31 total 
older adults  
AVE 
71.4 
 
 
 
 
AVE 
69.6 
Individual piano 
instruction (IPI) 
(experimental group) 
 
 
Untreated (Control)  
Tested overall 
cognitive and music 
aptitude and working 
memory and 
executive function—
pre-training, post-
training (6 months), & 
3-month delay  
Experimental group sign. 
improved performance on Trail 
Making Test (measuring 
executive function and visual 
processing), & digit symbol 
measures compared to healthy 
control.  
 
Indicating IPI increases 
cognitive abilities related to 
attention and concentration—
contributing to WM.  
 
 
 
1
0
0
 
Cogo-
Moreira, 
2013 
235 Children 
with reading 
difficulties in 
10 schools  
8-10 Five month randomized 
clinical trial 
 
5 schools—incorporating 
music classes 
 
5 served as controls  
Tested by Intention-
to-treat (ITT) and 
Complier average 
causal effect (CACE)  
 
Tested children on the 
rate of correct real 
words read per 
minute.  
Improvements were observed 
in the secondary outcomes—
academic achievement in 
Portuguese (slope of Portuguese 
and slope of math). CACE 
estimation had more promising 
effects were observed for rate of 
correct words read per min. and 
phonological awareness as well 
as secondary outcomes 
(achievement in Portuguese and 
math) throughout the school 
year. 
  
Balbag, 2014 31 musicians 
 
157 Twin 
Pairs 
Total 
 
=314  
65-92 One of the twin dyads 
played a musical 
instrument and the other 
did not.  
Screened for clinical 
diagnostic criteria for 
dementia 
Twins who played a musical 
instrument in older adulthood 
less likely to develop dementia 
& cognitive impairment 
compared to their cotwins. 
Playing a musical instrument 
sign. associated w/ less 
likelihood of dementia & 
cognitive impairment. 
 
Yinger, 2014  Older 
adults  
Review of randomized 
controlled trial music 
intervention studies aimed 
at managing patient-
reported pain and/or 
anxiety during medical 
procedures  
 ~50% of studies indicated less 
anxiety for music intervention 
part. 38% reported less pain for 
music intervention participants  
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Current Study 
In studies looking at the relationship between cognition and music the variable of 
cognition is being controlled through cognitive performance tests that are understood and 
administered through uniform means (See Table 3.3 for a sample list of specific cognitive 
abilities examined and the neuropsychological measures used). But music involvement is 
being defined and controlled for in a different way in each study. Therefore, the relationship 
between cognition and music cannot be accurately determined without variables that are 
clearly defined in a way that allows for immediate comparison.  
Our study concretely defined level of musicianship and controlled for music 
engagement level and genre of musical training of musician participants, as one approach to 
standardizing and eventually expressing music’s variable level of challenge in relation to life 
span cognition outcomes. The variable of music engagement was fixed at the professional, 
orchestral level, involving in what we suggest is the highest level of music engagement in 
terms of multi-system challenge. Cognition will then be isolated as a domain effect and 
compared to music by testing professional orchestral musicians through 
neuropsychological testing and scalp EEG recordings. Specific EEG signatures previously 
associated with cognitive ability (Bhat, Acharya, Dadmehr, & Adeli, 2015) will be examined 
against neuropsychological testing scores to examine cognitive performance. This design 
will allow us to look specifically at a controlled interaction between music and cognition 
through four specific aims.  
 
Specific Aims 
Three specific aims were identified to explore the nature of cognitive challenge, via 
music involvement, as it relates to cognitive performance and region-specific brain activity. 
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Aim One 
Employ data on musician’s cognitive ability gained through administration and 
scoring of four neuropsychological tests to compare musicians’ cognitive performance 
scores with normative data derived from existing studies. 
Aim Two 
Examine potential sources of life span variability in cognitive challenge via 
neuropsychological testing scores within the following predictor variable categories: a) 
across time through age of acquisition of music lessons, number of music lessons taken, 
years a participant worked for the orchestra, retired status and number of years retired at 
time of testing; b) by categorization of instrument type; and by c) amount of life span 
training examined via amount of private music lessons taken, average hours subjects 
practiced each week.  
Aim Three  
Examine neural function of musicians via EEG data collection at five key situation 
points: pre-testing resting state with (1) eyes closed and (2) eyes open before tasks have 
begun; during completion of the Bluegrass Working Memory task (3) trial one and (4) two; 
and at (5) post examination. Examine frequencies of four distinct brainwave signatures 
(beta, alpha, theta, delta) during five key point recordings based on predictor values, and 
specific brainwave signatures with behavioral data.  
 
Theory Behind Benefits from Music on Cognition 
 
This research employs three recognized theories to situate analyses of cognitive 
benefits derived from the life span challenges of musical activity. The first directly relates to 
musician’s ability to recruit neuroplasticity through repeated challenge. Research suggests 
that music promotes neuroplasticity (Altenmüller, 2008; Groussard et al., 2010; Habib & 
 
 103 
Besson, 2009; Scarmeas & Stern, 2003; Wilson, Boyle, Yang, James, & Bennett, 2015). A 
musician must adapt to constantly be able to complete the difficult task of playing an 
instrument. This ability to adapt is manifested later in life as the brain organically adapts to 
the demands imposed by normative and pathological aging. A more stable cognitive 
trajectory with little or delayed deficit in particular domains that naturally diminish with 
age, may be caused by identifiable changes associated with music training.  
A musician must constantly adapt to a fluid condition that involves at least the 
coordination of personal motor, sensory, and cognitive functions, and at the extreme the 
concentrated attention to a host of other musicians, with everyone involve having variable 
levels of training and motivation. These variable levels of motivation may influence the level 
of challenge that music requires from a musician. For example, the musicians who is 
working towards becoming first chair versus the musicians who has no desire to be first 
chair, may practice harder and more often and master the material with more detail at a 
higher level, but they both may play the same songs in the same orchestra.  
 Theory surrounding increases in neuroplasticity due to musical training inform the 
second theory about cognitive aging trajectories. This theory states that musicians 
potentially, from early brain reorganization, start higher on the curve of cognitive 
trajectories and therefore remain higher in cognitive aptitude throughout their life span. 
This placement above others in cognitive ability does not mean that they do not have 
normative dips in ability throughout life, especially in late life. Although, when they 
experience normative age-related changes in ability they may not dip low enough on a 
graph representing cognitive aging or clinically low enough on cognitive performance 
testing to cause disruptions or disturbances in cognition that are noticeable.  
 The third theory surrounds the specific cognitive ability of attention stating that 
music invokes and requires large levels of attention. Due to practice effects of attention 
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induced by music playing musicians have superior ability in attention than non-musicians 
addressed earlier at length. The increases in the use of attention translate to non-musical 
tasks and allow musicians to retain cognitive ability due to attentions intricate association 
with other cognitive tasks. Attention is utilized and required during other cognitive tasks 
and may facilitate musician’s ability to remain cognitively intact.  
Although attention can be separated out as a unique category of cognitive function it 
is a part of all other cognitive function (Leclercq & Zimmermann, 2004). It interacts with the 
different cognitive domains making functioning in many other cognitive abilities possible. 
For example, working memory, without attention to the specific stimuli in mind, would not 
allow individuals to store, manipulate or even think of the target information at hand. 
Gazzaley & Nobre’s (2012) review on top-down modulation addresses the overlap between 
attention and other cognitive processes, particularly the relationship between working 
memory and selective attention. These connections have indicated impaired function of 
selective attention causing decreased ability to perform working memory tasks in older 
adults, and neural evidence of stages of working memory performance being affected by 
top-down modulatory mechanisms (Gazzaley & Nobre, 2012). This theory surrounding 
attention lead to the hypothesis stating musicians will score higher than normative ranges 
in attention and working memory tasks, with specific markers indicating recruitment and 
use of attentional inhibition during working memory tasks shown through EEG signatures.  
These theories of neuroplasticity, high placement on the scale of cognitive ability, 
and superior ability in attentional inhibition will be addressed later in chapter seven to 
facilitate discussion and implications of results.  
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Chapter Four: EEG OVERVIEW 
Electroencephalography (EEG) is a noninvasive brain imaging method that 
evaluates the electrical activity of the brain.  Electrodes are placed on the scalp to record 
and track brainwave patterns of the brain cells. EEG measurements look at the electrical 
activity of the brain over a specific period of time, by examining fluctuations in the ionic 
current (entry or exit of ions through an ion channel across a cell membrane). EEG 
frequency ranges from less than 0.1 to 100 hertz and is typically grouped into five different 
frequencies (See Table 4.1.). Certain EEG frequency waves are associated with specific 
functions such as sleep or working memory ability, although frequencies are often 
associated with multiple functions. The list of functions shown in Table 4.1 is not 
exhaustive, but indicative of frequency wave associations most often found in the literature. 
The methods section of this dissertation provides details on the specific EEG technology 
used for the current study. 
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Table 4.1.  
 
EEG Frequency Waves, Range of Hertz and Associated Functions  
  
Frequency Waves Hertz (Hz)  Associated Function 
Delta 0.1-3  Sleep 
Theta 4-7  Working Memory 
Alpha 8-13  Attention   
Beta 16-31  Sensory Feedback 
Gamma 40  
(32-100) 
Memory; Motor; 
Perceptual binding 
 
Note. One hertz is defined as one wave cycle per second.  
 
Electroencephalography (EEG) and Music 
Music and its effects on the brain and brain processes have been studied through 
various means including EEG methods. The human brain’s cortical responses from music 
are distinct from responses due to general sound (Bridwell, Leslie, McCoy, Plis, & Calhoun, 
2017), meriting the examination of the brain’s response to music based on different levels 
of music involvement using EEG 
EEG Recordings During Music Listening 
Research on the link between cognition and music was sparked by a finding known 
as the Mozart effect; a positive impact of music listening, specifically to Mozart’s music, on a 
multitude of intellectual domains including increased IQ, and spatial abilities (Rauscher et 
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al., 1993). Spatial abilities can be described as the distinct intellectual ability that involves 
the capacity to understand and remember the spatial relationship between different 
objects. The Mozart effects were brief, lasting only 10-15 minutes, and were initially 
explained by effects of arousal that music listening provoked (Schellenberg, 2004; 
Schellenberg & Hallam, 2005). Research has also been completed to determine if listening to 
Mozart ‘s music caused improvements in cognition through randomized control trials using 
EEG recordings. EEG recordings are well suited to investigate this enhancement in spatial 
temporal reasoning. Results showed that listening to Mozart induced right frontal and left 
temporal-parietal coherent activity (Sarnthein et al., 1997). An early EEG study showed 
specific increases in the alpha frequency, associated with attention, while listening to music, 
which was believed to involve appreciation of music (Katayama et al., 1992). These results 
were the first steps towards understanding the neurophysiological basis of enhancements 
on cognition from music listening. When EEG was used to examine EEG band (gamma, delta, 
beta, alpha, theta) differences during a music listening task versus a control condition, 
changes in functional connectivity were related to musical expertise, suggesting that 
increases in music involvement may influence results seen through EEG measures 
(Bhattacharya & Petsche, 2005).  
Studies have examined music’s effects on the brain through EEG using more 
intricately involved listening skills instead of simple music listening versus a control or 
silent condition. More advanced music listening skills were designed and implemented by 
using polyphonic music during listening conditions and asking subjects to shift attention to 
one of three instruments. Results showed that a brain—computer interface could detect 
subjects paying attention to one particular instruments while polyphonic music was being 
played (Treder et al., 2014). Alpha band activity, in particular, has been linked with aspects 
of music processing (Schaefer, Desain, & Farquhar, 2013; R. S. Schaefer, R. J. Vlek, & P. 
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Desain, 2011), which may indicate ability to distinguish the specific instruments while 
polyphonic music was playing. Music therapy studies that often employ music listening and 
processing as therapy techniques, noted effects of music therapy on depression and anxiety 
scales as indicated through significant increases in alpha and theta signatures post music 
therapy (Fachner, Gold, & Erkkila, 2013; Ramirez, Palencia-Lefler, Giraldo, & Vamvakousis, 
2015).  
EEG Recordings During Music Playing 
Beyond listening to music, the effects of playing music on the brain have also been 
investigated using EEG technology (Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995; 
Kristeva, Chakarov, Schulte-Mönting, & Spreer, 2003). For example, event related potentials 
(ERPs) were recorded while participants learned a music melody by either pressing a key 
during auditory input or without the physical activity of pressing the key. Results showed 
that music training mediated the effects between the two different conditions, 
enhancements or improvements on in melody detection found in the key press condition 
training were reduced due to music expertise (Kamiyama, Katahira, Abla, Hori, & Okanoya, 
2010). Melody detection exercises were run by having participants listen to a passage of 
music and pick out or detect a target melody; when music experts performed this skill the 
amplitude of ERPs was larger when compared with participants who had no musical skill. 
Another study found differences between string instrumentalists and non-musicians 
(controls) who had only physical engagement with musical sound (e.g. clapping hands or 
stomping feet to musical rhythm). Using magnetic source imaging, the researchers found 
string players had larger cortical representations of their digits than controls. These 
changes in cortical representation of the fingers were related to the age the musicians 
started to play an instrument (Elbert et al., 1995). In essence, these studies showed that the 
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brain can change depending on the needs and experiences of participants, and that 
increases in the amount of time someone plays music can be related to brain function.  
Brain function of musician’s observed using EEG while they played music has also 
been found to be related to cognition. For example, one study found music performance 
evoked changes in EEG theta activity; theta activity increased while piano instrumentalists 
played classical pieces in the same way it increased during participation in mental tasks 
(Katayama et al., 1992). Further research examining music instrumentalists, specifically 
violin players, showed that the steps to prepare, initiate, mentally practice and complete 
music playing are differentially represented in the brain when investigated through EEG 
measures. During preparation of playing a musical sequence, bilateral frontal opercular 
regions were active earlier than motor areas. The same frontal opercular regions were also 
highly active while playing music and imagining it. Supplementary and primary 
sensorimotor areas were shown to be similarly involved during preparation to play music, 
while actually physically playing music, when participants stopped playing music, and when 
imagining music (Kristeva et al., 2003). Studies examining human brain responses of both 
perceived and imagined music show that the power of alpha response is higher during 
imagery than during perception (Schaefer et al., 2013; R. S. Schaefer et al., 2011). These 
results suggest similar areas are activated in the brain during both music playing and 
imagining and show that EEG can detect imagery of music playing. They also suggest the 
presence of what is termed the mirror or echo neuron system in the brain. 
Music Playing and the Mirror Neuron System 
The connection between motor and auditory function has been cited in studies 
using brain-imaging technology and termed the human mirror or echo neuron system, and 
the audiomotor recognition network. This network can be explained as the auditory 
system’s ability to access the motor system (Zatorre et al., 2007). The ability for the 
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auditory modality to have access to motor systems is indicated in various 
neuromusicological research studies (Gaser & Schlaug, 2003; Koelsch, 2009; Wan & Schlaug, 
2010). The mirror neuron system can be visualized through brain imaging technology. 
When individuals imagine music the necessary parts of the brain used to play that sequence 
light up on brain scans even though they are not physically completing any action. Results of 
this mirror neuron system can be seen in participants with various levels of music 
expertise; auditory motor systems are more tightly coupled in musically trained 
participants than non-musicians (Zatorre et al., 2007).  For example musicians show more 
activation in motor areas during rhythm perception than those who are not musically 
trained (Levitin & Tirovolas, 2009). Research focused on the connection between motor and 
sensory systems in advanced pianists using Magnetoencephalography (MEG, which records 
brain activity using a magnetic field, rather than an electrical field as in EEG) showed 
involuntary motor activity in the brain while listening to piano pieces that they had 
completed large amounts of training for (Haueisen & Knosche, 2001). These brain 
connections have been noted using EEG technology in professional pianists as well (Nuara 
et al., 2013).  
These findings are congruent with reports from musicians stating that listening to 
music triggers the appropriate movements to produce the sound even if they are not 
actually playing their instrument. Thus visualization of music playing helps musicians 
improve their performance, and musicians whose training methods combine mental and 
physical practice are superior performers than those who only physically practice (Pascual-
Leone & Hamilton, 2001). Mental practice entails imagining the piece in order to improve 
auditory output of physical performance. These results may be due to strong auditory-
motor interactions required during music performance (Altenmüller, 2008; Altenmüller & 
Schlaug, 2015).  
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Music’s ability to access specific cortical areas is also seen in those with very little 
music training. When non-musicians were trained to play a piano piece and then listened to 
(not played) the same piece afterwards, motor-related brain networks were activated in 
Functional Magnetic Resonance Imaging (fMRI) scans (Lahav, Saltzman, & Schlaug, 2007), 
although listening to unknown or unlearned music did not activate motor neurons. Musical 
training induces auditory-sensorimotor EEG co-activity in beginner music students after 
only 20 minutes of piano learning and is enhanced with increased music training (Bangert & 
Altenmüller, 2003). These studies further provide evidence of the connection between the 
motor and auditory systems during music playing and support the ability for music training 
to activate multiple areas of the brain in unique ways that other training methods do not. 
According to Koelsch (2009), the mirror neuron system, or the investigation of this 
perception-action mediation, provides information about human cognition to better 
understand neural correlates of music’s potentially therapeutic effects. The majority of 
research conducted on this connection is done through fMRI brain imaging technology 
(Lahav et al., 2007; Levitin & Tirovolas, 2009). Research describing the feasibility of 
combining EEG and musical data (MIDI) in conjunction with three-dimensional movement 
data (Maidhof, Kastner, & Makkonen, 2014) may prime research using EEG to examine the 
brain—computer interface during physical musical movement. For example, one research 
study has validated a methodological approach to simultaneously record 
electroencephalographic data from musicians playing in an ensemble (Babiloni et al., 2011). 
This design can provide insight into the mirror neuron system while polyphonic music is 
played.
 
 112 
Cognitive Ability of Older Adults and Musicians: Inhibition and EEG 
Cognitive function has been linked to neurophysiological findings and specific brain 
signatures (Klimesch, 1996) and these signatures are related to music function. Findings 
have shown that theta activity during EEG recordings is amplified in the frontal midline 
area in young participants when they play piano of classical nature. Interestingly, this 
increase in theta power is also seen during related mental tasks, suggesting similar brain 
patterns are used to complete cognitive tasks and to play an instrument (Altenmüller, 2001; 
Katayama et al., 1992). This link between EEG recordings found during both cognitive tasks 
and music playing facilitates discussion of the potential link between cognitive function and 
music ability and the potential for music to exercise cognition in an effective way to 
improve it. This link will be addressed with particular consideration to the cognitive ability 
of attention. 
Jensena and Mazaheri’s (2010) review of studies recording EEG brainwaves during 
cognitive task performance linked alpha band activity to Hasher and Zack’s (1991; 1988) 
framework of inhibition. This framework states that inhibition is a central mechanism 
influencing the contents of working memory. The inhibitory framework suggests that 
cognitive competency requires the ability to limit activation in response to the stimuli that 
is most relevant to one’s goals; lack of this ability can result in an inefficient (slow and 
inaccurate) mental functioning (Lustig, Hasher, & Zacks, 2007). Results suggest that older 
adults do not engage in related top-down modulation during working memory as often as 
younger adults. Top-down modulation, or inhibitory framework, effects an individual’s 
ability to focus attention on appropriate stimuli during a task and ignore (inhibit) irrelevant 
distractions (Gazzaley & Nobre, 2012). It is hypothesized that inability to filter out 
unnecessary information is related to normative cognitive aging variability and cognitive 
decline in older adults. 
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In fact, the ability to inhibit information during working memory tasks measured 
through EEG has been used to differentiate healthy and unhealthy brain-function. Cognitive 
electrophysiological signatures can differentiate, for example, amnestic mild cognitive 
impairment from normal aging in older adult participants by examining their ability to 
recruit attentional inhibition, through use of a match or non-match working memory 
paradigm (Broster et al., 2013; Jiang et al., 2016). During this paradigm participants are to 
keep a primary picture in their working memory and hit a key when subsequent pictures 
are shown on a screen, indicating M if the picture is a match, meaning it matches the 
primary picture first shown, or NM if the picture is a non-match or is not the same as the 
primary picture shown earlier. Differences in brain activity during this working memory 
paradigm task using target and distractors (ability to inhibit distractors and recruit 
attentional resources to targets) have been seen between mild cognitive impairment (MCI) 
patients and healthy controls (Li et al., 2017) and due to age differences, young versus older 
adults (Lawson, Guo, & Jiang, 2007). Cognitively healthy participants show enhanced theta 
responses in left frontal sites during match trials, but not during non-match trials while 
completing the working memory tasks, but the reverse was seen in cognitively unhealthy 
patients. Participants with a supposed diagnosis of MCI or Alzheimer’s disease (AD) showed 
cortical responses in the left frontal areas of the brain during non-match trials, the reversed 
pattern seen in those who exhibit normal aging. (Broster et al., 2011; Li et al., 2017). This 
indicates that unhealthy patients were unable to inhibit the unnecessary information during 
the working memory task (in this case the non-matching stimuli should have been 
inhibited). Theta should not be enhanced during inhibition, but instead during 
concentration on trials that matched with the primary picture. 
Interestingly, results show that musical stimuli can modulate this attentional 
network linked with brain areas responsible for inhibition of task-irrelevant information. 
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These links were made from EEG recordings taken during tasks where participants 
processed musical stimuli. Specific links have been drawn between attentional inhibition 
and music experience in studies indicating that musicians have enhanced ability to inhibit 
task irrelevant information during cognitive tasks (Schroeder et al., 2016; Wang et al., 2015) 
and also while encoding of auditory stimuli (Parbery-Clark et al., 2011; Zendel & Alain, 
2012) when compared to non-musicians. For example, inhibiting irrelevant information 
could involve filtering out or ignoring background noise while having a conversation in a 
downtown area or crowded arena, or in a cognitive performance domain could involve 
ignoring irrelevant stimuli during working memory tasks.  
Studies using methods of brain imaging technology further support links between 
music and the inhibition framework. A study completed by Adatia, Heaton, Macgeorge, and 
Mantle (1991) found support for this enhanced ability among musicians to inhibit irrelevant 
information through ERP methods. Koelsch et al. (1999) conducted a study using EEG to 
measure this framework through auditory processing skills of musicians, which gave 
further support of the link between musicianship and ability to use inhibition during 
performance tasks. Results from EEG recordings found that musicians were better able than 
non-musicians to process information at the pre-attentive level, the level of processing 
when stimuli are attended to or ignored (inhibited) when necessary (Koelsch et al., 1999).  
EEG recordings taken while participants played piano, show an increase in frontal theta 
signatures, related to inhibition. The increase in theta signatures depended on the 
participant’s level of concentration on playing the piano (Katayama et al., 1992). Therefore, 
musician’s superior ability to use focal attention is seen in behavioral tasks and has been 
linked to concentrated music playing. 
EEG and ERP studies linking inhibition of irrelevant information with alpha and 
theta band activity (George & Coch, 2011; Jensen & Mazaheri, 2010; Koelsch et al., 1999) 
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make this framework of attention inhibition measureable. Similarly, increase in alpha 
power or higher alpha responses were noted in studies examining music listening 
(Katayama et al., 1992), music processing, and imagining (R. S. Schaefer et al., 2011), music 
therapy (Fachner et al., 2013), and during music performance (Babiloni et al., 2011), 
particularly in the frontal cortical areas. This indicates that increases in alpha band activity 
are driven by music and could also explain cognitive differences between musicians versus 
non-musicians, as musicians may have superior ability to recruit alpha power during 
cognitive tasks due to repeated musical experience and its connection with alpha power. 
This may help explain previous work indicating correlations between musical experience 
and cognitive ability in older adults (Amer et al., 2013; Balbag et al., 2014; Gooding et al., 
2014; Schellenberg & Hallam, 2005).  
 
Study Hypotheses for EEG Measures 
Research has indicated that musicians have superior ability to inhibit unnecessary 
or distracting information when compared with non-musicians. These behavioral results, 
along with brain imaging results showing a link between EEG signatures recorded during 
music listening and playing, and EEG signatures linked with the attentional inhibition 
framework, inform the current study’s hypotheses. We hypothesize that EEG recordings 
taken during the Bluegrass working memory task, using a working memory paradigm that 
includes distractor and target information, may demonstrate, functionally, musician’s ability 
to inhibit unnecessary information. Specifically, this will be indicated by positive 
associations between frontal theta and alpha signatures and accuracy of the match trials, 
and a negative association between theta and alpha signatures and accuracy of non-match 
trials, indicating musicians’ ability to recruit attentional inhibition or focal attention and, 
therefore ability to inhibit distracting information.  
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Chapter Five: Design and Methods 
 
The research concretely defined participant’s music involvement and measured the 
controlled interaction between cognition and music. The independent variable of music 
involvement was controlled by studying professional orchestral musicians, 40 years of age 
or older, who had experienced the highest level of music involvement. The dependent 
variable, cognition was isolated as a domain effect and compared with music by testing 
professional orchestral musicians through cognitive performance tests. Resting state and 
active EEG signatures were recorded and examined for biomarkers previously associated 
with cognitive ability (Bhat et al., 2015; Jiang et al., 2016) in an effort to gain more 
information about how musicians complete cognitive tasks. This design will allow us to look 
specifically at a controlled interaction between music and cognition through four specific 
aims.  
This cohort study of professional orchestral musicians aimed to determine potential 
ways musicianship is correlated with cognitive ability. This study developed a neuro-
cognitive profile of musicians’ abilities by domain and explained how the independent 
variable of music involvement influences the dependent variable of cognition in musicians. 
Ultimately this research examined cognitive challenge and brain training and how it can 
influence cognitive aging; music was used as a model to examine this cognitive challenge 
(See Figure 5.1).
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Figure 5.1.  
Visual Interpretation of the Study Design  
 
-Age
-Sex
-Education
-Income
-Social/Interpersonal  
SES Variables 
Life Span Variables:
-Familial Music Exerpeince 
-Number of Music Lesson
-Number of Years Worked for Orchestra  
-Instrument Played
-Age Started Music Lessons
-Average Hours of Practice
Music Involvement 
-MoCA
-Trail Test Form A & B
-Digit Symbol Substitution 
-Ruff 2 & 7
-Bluegrass Working Memory Task 
Cognitive Performance 
-Brain Region
-Type of Signature (Power)
-Task Completed During Recording
EEG Signatures  
 
 118 
Study Site 
Data collection took place at the University of Kentucky at the Aging, Brain and 
Cognition Laboratory in the College of Medicine.  
Review Process 
Data collection for the study was de-identified and conducted under Institutional 
Review Board (IRB) protocol number 17-0280-P2H through the University of Kentucky’s 
(UK) Office of Research Integrity. All demographic, cognitive testing, and music experience 
data were compiled and combined and combined, organized, coded and error-checked prior 
to analyses.   
Recruitment 
Recruitment began after IRB approval. Emails were sent to qualified participants 
found on list serves of older adults willing to participate in research studies provided by 
UK’s Center for Clinical and Translational Science (CCTR). Recruitment emails were sent to 
the director of Lexington Philharmonic orchestra who sent out an email about the study 
through a list serve. Directors or stakeholders in other surrounding orchestra, including 
Louisville, Cincinnati and Northern Kentucky, were also emailed and they each proceeded to 
send out emails to their list serve of musicians in the orchestra. Participants contacted the 
Principal Investigator of the study directly after they received the flyer through the list 
serve. The faculty in UK’s music department and surrounding universities and colleges were 
contacted to determine if any employee qualified and was willing to participate. 
Participants were recruited from the Lexington area in general through posting of flyers in 
downtown Lexington and on UK’s campus. CCTR provided recruitment support by posting 
ads for the study on approved and monitored private social media outlets.  
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Participants 
Thirty-nine classically trained professional orchestral musicians were recruited, 
ranging in age from 39-77 and with an average age of 61.2  The majority of participants 
were from Lexington Philharmonic Orchestra, while others came from various orchestras. 
Most musicians played or had played in multiple orchestras including: the  Louisville 
Philharmonic Orchestra, Cincinnati Symphony, Claremont Symphony Orchestra, California, 
Huntington Symphony, Ohio Valley Symphony, Clarftin Hill Orchestra and the Madison 
Winds. Twelve participants were male and 17 were female.  
Inclusion Criteria 
This study included any person who was a current or former member of a 
professional orchestra who was 40 years of age or older. No participant was included who 
had been diagnosed with any neurological or psychiatric condition that would affect 
cognitive ability or was taking any medication that was known to affect cognitive ability. All 
participants indicated that they had not had any diagnosis of dementia, and they all were 
screened for Alzheimer’s disease and MCI using the MoCA. All participants scored within 
normal range indicating they had normal cognitive ability. Participants’ average score on 
the MoCA was a 27.5.  
Data Instruments  
Data collection sheet.  Participants first confirmed verbally that they met inclusion 
criteria. Questions asked to insure inclusion were as follows: “Are you 40 years of age or 
older?”, “Are you a current or former professional orchestra musician?” and “Do you believe 
you are taking any medication that would alter cognitive performance?” All of this and all 
consequent information were collected and de-identified by assigning each participant a 
code. This code along with the verbal inclusion criteria questions were recorded on a data 
collection form (See Appendix B).  
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Baseline demographics. Demographic information recorded from participants at the 
study’s start included: year of birth, sex, race, marital status, handedness, listing of 
medications currently being taken, level of education of both father and mother, 
participant’s level of education and subjective financial status of both the home they grew 
up in and the home they currently live in.  
Music experience questionnaire. Responses from this questionnaire were used as 
predictor variables during analysis. Questions that consisted of scaled answers were 
modeled after the Rand Corporation Social Support Survey Instrument (RAND Health 
Corporation, 2017) and ranged from one, none of the time, to five as all of the time. The 
remainder of the questions in the music experience questionnaire were answered by 
circling a provided answer or filling the blank in themselves. See Appendix A. for the 
complete list of questions from questionnaires asked prior to testing detailing the baseline 
demographic and music experience questionnaire sheet. Once baseline information was 
obtained Neuropsychological testing was administered and EEG was recorded from scalp 
electrodes.  
Montreal Cognitive Assessment (MoCA). The Montreal Cognitive Assessment created by 
Ziad Nasreddine, tests for mild cognitive impairment and Alzheimer’s Disease. It has high 
rates of reliability when implemented in memory clinic settings (Smith, 2007), adequate 
psychometric properties of the items, and reliable capability to test for MCI and Alzheimer’s 
disease (Freitas, Simoes, Maroco, Alves, & Santana, 2012). MoCA has been shown to have 
higher sensitivity to detect cognitive decline compared to the Mini Mental Status Exam 
when used in longitudinal monitoring of participants  (Freitas et al., 2012). The MoCA tests 
visuospatial executive function, naming ability of animals, memory, attention, language 
skills, abstraction, delayed recall and orientation. Scores are added up based on 
performance in each category, which combined add up to a maximum of 30: five points 
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allocated for visuospatial executive functioning, three for naming, six for attention, three for 
language, two for abstraction, five for delayed recall and six for orientation. Participants 
who score lower than 24 are considered to be in the range for cognitive impairment 
according to the MoCA cutoffs (Borland et al., 2017).  
During the procedure participants are given instructions on how to complete the 
cognitive tasks administered. The first task of the MoCA test, examines 
visuospatial/executive function. Participants connect circles with a pencil, which have 
numbers and letters inside them. They start at one and connect that circle to the circle that 
has the letter A in it, they continue to connect the circles alternating between number and 
letter in ascending order until they reach the circle that has letter E in it. Next, participants 
copy a drawing of a three-dimensional box in a space provided below, and for the last task 
in the visuospatial category they draw a clock in a blank space provided, adding in all the 
hands and numbers and setting the time on the clock at ten past eleven. The category 
following this one is called naming. Participants name the animals that are pointed to, that 
include a lion a rhinoceros and a camel. Next the memory task is given, but no points were 
recorded until the end of the test. The words “face”, “velvet”, “church”, “daisy” and “red” are 
spoken once and the participant repeats all the words they can remember. The words are 
said aloud a second time by the administrator and participants are instructed to repeat 
them aloud again. Participants are told after this task that they will need to recall these 
words at the end of the task and the rest of the test resumed. Examiners then move to the 
attention category where two sets of numbers are stated, and the participant is asked to 
repeat them back in the frontwards and backwards order. Still included in the attention 
category a string of letters is spoken out loud and participants are asked to tap their hand 
whenever the letter A is spoken and to not tap when any other letter besides the letter A is 
spoken. After points are recorded the attention section is completed through a serial 
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subtraction tasks, which consists of participants counting backwards by seven starting at 
100 and continuing to subtract by seven from their answer until they reach the number 65 
or until the tester asks them to stop.  Participants then complete the language section where 
they repeat two sentences exactly as the proctor says them. They also complete an exercise 
where they are to name as many words they can think of that start with the letter F in 60 
seconds. The abstraction task is completed by asking participants to state how two words 
are alike. The example words were orange and fruit and then points were recorded if 
participants stated the correct similarities between a train and a bicycle and watch and a 
ruler. Finally, the delayed recall task is completed, where participants are asked to repeat 
the words that were spoken to them during the memory portion of the task listed above 
(See Appendix D). If they could list the words without any category or multiple-choice hint, 
then they received a point for that word for a total of five words and five points. The last 
task was the orientation task and during it the examinee had to state the date including the 
date, month, year, day, place and city, a point was allocated for each part for a total of six 
points and then the test is complete. The MoCA is scored based on accuracy.  
Bluegrass Working Memory Task.  The Bluegrass short-term memory task is a 10-minute 
modified version of the short-term memory paradigm typically used in monkey physiology 
and human neuroimaging studies (Guo, Lawson, Zhang, & Jiang, 2008; Jiang, Haxby, Martin, 
Ungerleider, & Parasuraman, 2002), completed on the computer.  During this task subjects 
are asked to hold a sample target image in their working memory and indicate if the 
subsequent image is a match or non-match by pressing a button on a keyboard while 
accuracy and speed on the task is recorded on a computer program.  The task measures 
working memory and attention.  
At the working memory retrieval stage, the subjects match serially presented 
objects (100 milliseconds viewing time) to the two sample objects (outlined in green) in a 
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succession of test items that contained repeated matching and non-matching items. Each 
time a subsequent picture was shown participants made a decision by pressing the match 
or non-match key (See Appendix I. for reference picture). Participants indicated this by 
pressing either the match key, that was indicated by a sticker labeled with an M placed on 
the L key of the computer keyboard, or a non-match that was indicated by a sticker labeled 
NM placed on the A key of the keyboard. Test pictures of matching and non-matching 
objects were in a pseudo-randomized order within a trial. Each picture was presented in 
white color on a black background on the computer screen, except for target (match) 
pictures which were outlined in green.  
Participates first used their dominant hand to indicate a match; therefore, if the 
participant was left handed then the M sticker, indicating a match, would be placed on the 
left side of the keyboard on the A and the NM, used to indicate a non-match, would be 
placed on right side of the keyboard on the L and vice versa for participants who were right 
handed. For the second trail of the task participants pressed the match key with their non-
dominant hand. Two memory trials were completed, and each run lasted approximately five 
minutes and 30 seconds. After trial one the match and non-match keys are switched so that 
the participant has to press the match key with their non-dominant hand. The changing of 
this placement was indicated by switching the labeling stickers on the keyboard. E-prime 
software was used record accuracy of the trails and the amount of time it took the 
participants to complete each trial in milliseconds. The Bluegrass Working Memory task is 
scored based on time in milliseconds and accuracy. 
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Trail A and B (TMT).  The trail making tests (TMT) were originally developed by the US 
army during WWII to evaluate performance of new army recruits (Reitan, 1993). They 
comprised a paper form neuropsychological test requiring participants to recognize letters 
and numbers that generally involved cognitive flexibility through task switching and 
recruitment of attention. Trail A measures a participant’s ability to connect 25 numbered 
circles in ascending order. Part B consists of 13 numbers and 12 letters that have to be 
connected in their numerical and alphabetical order alternating between number and letter 
(See Appendix E and F). This task has been validated to provide an index of executive 
function (Arbuthnott & Frank, 2000) and has also been shown to produce high rates of 
interrater reliability and low rates of variance (Fals-Stewart, 1992). When normative data 
for the Trail Making Test (TMT) A and B for 911 community dwelling individuals between 
ages 18-89 was compiled, average time completed for those with more than 12 years of 
education on the Trail A and B test varied greatly by age, ranging from about 30 seconds for 
those aged 45-54, about 58 seconds for those aged 85-89 for the Trail A task; and about 63 
seconds for those aged 45-54 to about 130 seconds for those aged 85-89 on the Trail B task 
(Tombaugh, 2004).  
After an abridged practice session, during which accuracy and speed are not 
recorded, participants are asked to complete a recorded task. The Trail A task is completed 
on a sheet of paper with 24 circles on it, each circle having a number from 1-24 inside the 
circles. Participants were asked to draw a line from 1 to 2, 2 to 3, and so on in ascending 
order until they reached the last number of 24. They were instructed to not pick up their 
pencil from the paper as they connected each circle and to be as accurate and quick as 
possible while completing the task. They were timed and when they were finished the time 
in seconds was recorded they then moved on to complete Trail B task. Trail B task was 
completed the same way as Trail A, with a practice session first where accuracy was 
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corrected to insure they knew how to complete the task, but where speed or accuracy were 
not recorded. The only difference during Trail B was that the circles to be connected 
consisted of letters and numbers. Participants started at number one and had to alternate 
from number to letter in ascending order starting at one then proceeding to letter A then to 
the number two then to the letter B all the way until they ended on number thirteen. During 
Trail B they were again asked not to lift their pen from the paper as they connected each 
dot; speed in seconds was recorded and then the participant moved onto the next portion of 
the study, which was the Digit Symbol Substitution test.  Trails test versions A and B are 
scored based on time,  the number of seconds it took the participants to complete the task is 
their score.  
Digit Symbol substitution test (DSST).  The Digit symbol substitution test is a timed 
neuropsychological test contained in the Wechsler Adult Intelligence Scale. It is one of the 
most widely used measures of intelligence, authored by David Wechsler in 1939. Results 
have demonstrated high rates of reliability and validity of this test when measuring 
processing speed in older adults (Morrison, Simone, Ng, & Hardy, 2015). Average scores for 
the digit symbol substitution task, as reported in a meta-analysis of 138 studies that used 
the digit symbol task, ranged from 51.2-82.7 for younger adults and between 38.8-66.8 for 
older adults; older adults were the participants in studies who had a mean age above 60 
years of age and younger adults were those who participated in studies with a mean age 
below 30 years of age (Hoyer, Stawski, Wasylyshyn, & Verhaeghen, 2004).  
The DSST is completed in hard copy form with pen and paper. The testing sheet 
consists of numbers 1-9 in boxes along the top and symbols below each of these boxes (See 
Appendix G). Below the symbol key are four rows of numbers, but the boxes below the 
numbers are blank. Participants are asked to fill in the corresponding blank boxes below the 
numbers using the key at the top of the page. During administration the proctor fills in the 
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first half of the first row to show the participant an example and then gives the participant a 
chance to also practice filling in a few blank boxes using the key. After the participant agrees 
that they understand how to complete the task the proctor starts the clock and the 
participant begins the real task. Those who are tested are given 90 seconds to complete the 
task, wherever they are at in the four rows after 90 seconds is up they stop and the number 
of accurately completed boxes is recorded to determine a score. The DSST is timed, and 
scored based on how many boxes the participants fill in or complete.  
Ruff 2 & 7. The Ruff 2 & 7 task is a neuropsychological test measuring participant’s visual 
selective attention. It is completed through pencil and paper. This task has been shown to 
have good test-retest reliability for middle aged to older adult participants (Lemay, Bédard, 
Rouleau, & Tremblay, 2004). Ruff and Allen, the inventors of the task, made cutoffs for task 
performance indicating that those participants who score in the 32nd percentile or higher 
are average or above average and those scoring below the seventh percentile are mildly to 
severely impaired (Ruff & Allen, 1996), (See Table. 3 for a full listing of suggested guidelines 
of clinical interpretation of percentiles on this test). The Ruff 2 & 7 task is scored based on 
speed of completing the task and accuracy.  
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Table 5.1  
 
Suggested Guidelines for the Clinical Interpretation of Percentiles 
 
% Tile                                                                Suggested Clinical Interpretation 
≥70  Above average 
32-66 Average 
16-27 Below Average  
7-14 Mildly Impaired  
2-5 
1-2 
Mildly-to-moderately impaired 
Moderately impaired 
<1 Moderately-to-severely impaired 
<1 Severely impaired 
*Percentiles derived from Ruff 2 & 7 Selective Attention Test Professional Manual (Ruff & Allen, 
1996) 
 
There are three testing sheets included in the Ruff 2 & 7 examination; the first sheet 
is a sample practice sheet and the other two sheets are used for recording accuracy and 
processing speed during the selective attention task. The information on each sheet reads 
horizontally. The practice sheet has two rectangular boxes running horizontally. The first 
box has three rows of numbers and letters and in the second box are three rows of just 
numbers. On sheet two and three are ten rectangle boxes, each box alternating between 
having three rows of just numbers and three rows of both numbers and letters (See 
Appendix H for reference). Participants are instructed to cross out as many 2s and 7s going 
in order from left to right in each box within a 15 second time interval. No matter how far 
the participant gets when the proctor states “next,” indicating that 15 seconds is up, the 
participant must move to the next box of rows and start crossing 2s and 7s out there. After 
the first sheet is completed participants move to the next sheet until the allotted time for 
each box is completed. With 10 boxes on each sheet adding up to 20 boxes for both sheets 
and 15 seconds each box, the task takes approximately 300 seconds per sheet or five total 
minutes to complete the entire task.  
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Electroencephalogram (EEG) Recordings 
 Technology: Wireless EPOCH headset. Electroencephalography (EEG), a 
noninvasive brain imaging method (Nicolas-Alonso & Gomez-Gil, 2012) was employed in 
our study. Current EEG technology consists of a portable, wireless headset with two 
reference electrodes and 16 additional electrodes (See Figure 5.2 & 5.3). Electrode positions 
are such that specific brain region activity can be monitored by brain lobe and left or right 
hemisphere of the brain.  
 
Figure 5.2.  
Portable, Wireless Emotive Epoch EEG Headset 
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Figure 5.3 
Mapping of EEG Signatures on the Human Head  
 
 
 
 
 
 
 
 
Note. AF = Anterior Frontal; F = Frontal Lobe; FC = Frontal Central; T = Temporal Lobe; CMS 
= reference point DRI = Reference point; P = Parietal Lobe; O = Occipital Lobe; Even 
numbers represent placement on the right side of the skull; Odd numbers represent 
placement on the left side of the skull.  
 
A USB drive was inserted into the computer so that a brain computer interface was 
possible, where brain activity could be projected in real time onto the computer screen 
wirelessly from the EEG headset. EEG technology was used before testing began, which 
included recoding EEG signatures for a one-minute session during which participants kept 
their eyes closed and a one-minute session with participants keeping their eyes open. When 
recordings were taken with eyes open they stared at a fixation point on the computer 
screen in the shape of a cross. Recordings were also taken during the Bluegrass short-term 
memory task (see details above) trial one and two.  
Pre-intervention recording. The pre-intervention EEG recording consisted of two, 
minute long recordings completed while participants closed their eyes and while 
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participants stared at a fixation point on a computer screen. Before pre-intervention 
recordings could be taken participants had to go through the EEG preparation process. 
Standard procedures were followed in preparing, applying, and recording data from the 
headset (See Appendix J for a description of instructions).  
Post-intervention recording: Mindfulness/visualization exercise. The post 
baseline EEG recording was a two-minute period during which participants closed their 
eyes and were asked to imagine that they were playing their musical instrument while 
remaining as still as possible. This recording determined how brains react when they are 
imagining the complex task of playing an instrument. Research has shown that motor areas 
of the musician brain are activated even when they are not physically playing, but simply 
imagining playing or practicing in their heads (Du et al., 2012; Koelsch, 2009). Visualizing 
and mentally imagining playing, and the consequent ability to actually stimulate the areas of 
the brain responsible for those actions, is referred to as the mirror-neurons system (Gaser 
& Schlaug, 2003). During our study, we were able to record musicians while they mentally 
practiced in order to determine if EEG recordings during mental practice showcase unique 
signatures when compared to baseline recordings completed with no mental stimulus in 
mind, and if musician recordings differed based on instrument type that they imagined.  
 Study Procedure  
Participants contacted the PI of the study by email or phone and a date was set up 
for them to come to the laboratory to complete the study. Before procedures took place, 
participants were asked to read and sign a consent form (See Appendix A.) If participants 
agreed with and signed the consent form, procedures began. Subjects were asked four key 
questions to ensure that they qualified to participate in the study 1) “Have you ever been 
diagnosed with any form of dementia?” 2) “Are you a current or former member of a 
professional orchestra?” 3) “Do you believe you are on any medications that would alter 
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cognitive performance?” 4) “Are you older than 40 years of age?” If participants answered 
those questions with the following answers 1) “No” 2) “Yes” 3) “No” 4) “Yes”, then we 
proceeded with the study by asking them to complete a hard copy packet of information 
(See Appendix B.) including demographic information and their own personal music 
history. Next, participants were screened for Mild Cognitive Impairment (MCI) and 
Alzheimer’s Disease using the MoCA (See Appendix C.). Participants were subjectively asked 
if they had been diagnosed with any form of dementia, but the MoCA used as a screening 
tool allowed us to also objectively insure participants were cognitively healthy before 
beginning the study. After screening subjects for cognitive impairment information from 
specific aim one was collected.  
After baseline and screen measurers were completed the EEG headset was fitted to 
the participant’s head and calibrated to start pre-testing baseline recordings. One-minute 
baseline recordings were taken while subject’s eyes were closed and then open while 
staring at a fixation point on the computer screen. Recordings were also taken during trial 
one and trial two of the Bluegrass Working Memory task. They first completed the training 
session that was identical to the actual task but lasted about half of the time that the actual 
task lasted. The two trials of the actual task (where time and accuracy were recorded) took 
approximately five minutes each and the training session lasted about two and half minutes. 
If the participant was confident they understood the task they then proceeded to complete 
trial one (A1) and trial two (A2) of the task which each lasted approximately five minutes. 
During the training session accuracy and EEG signatures were not recorded. During trial 
one of the Bluegrass task, participants were instructed to use their dominate hand to hit the 
match key and their non-dominant hand to hit the non-match key. For trial two (A2) they 
were instructed to do the opposite as they began hitting matches with their non-dominant 
hand and non-matches with their dominant hand. Trail one and trail two of the task were 
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identical and took approximately five minutes each for a total of 10 minutes of activity time 
to complete the task. After completing both trial one and trial two of the Bluegrass working 
memory task, the EEG headset was kept on if it was not bothering the participant, or taken 
off if it was bothersome, while they completed the paper and pencil tasks.  
The first of the paper and pencil tasks administered was the Trail A and B task, 
which was used to measure cognitive flexibility. After completion of Trail A and B, the PI 
administered the digit symbol substitution task, which was used to test processing speed. 
Lastly participants were run through the Ruff 2 & 7 task, which was used to test cognitive 
switch or “set-shifting,” which took approximately five minutes.  
The last step in the study procedure consisted of a post-testing EEG recording where 
participants completed a music imagination or visualization task. They were asked to close 
their eyes and practice or imagine playing their instruments in their heads for two minutes. 
After the mindfulness exercise the study was complete. Participants were given their 
incentive, a $20 Starbucks gift card, and directed out of the laboratory.  
A summary of the study procedures is as follows: 1) participants fill out and PI 
collects demographic and personal music experience questionnaire; 2) screen for cognitive 
impairment using the MoCA; 3) complete pre-testing EEG recordings, 4) administer 
cognitive behavioral testing of the Bluegrass Working Memory task while EEG recordings 
are taking place, 5) complete paper and pencil neuropsychological testing; 6) record post 
baseline EEG signatures while participants complete a music visualization task 7) give 
participants their incentive, walk them out of the laboratory. These procedures remained 
fixed across all participants to maximize continuity and comparability of data.  
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Specific Aims 
Three specific aims were identified to explore the nature of challenge, via music 
involvement, as it relates to cognitive performance and region-specific brain activity. 
Aim One 
Employ data on musician’s cognitive ability gained through administration and 
scoring of four neuropsychological tests to compare musicians’ cognitive performance 
scores with normative data derived form existing studies. 
Hypotheses. Professional musicians test at or above normative levels of cognitive 
ability on all neuropsychological examinations.  
Aim Two 
Examine potential sources of life span variability in cognitive challenge via 
neuropsychological testing scores within the following predictor variable categories: a) 
across time through age of acquisition of music lessons, number of music lessons taken, 
years a participant worked for the orchestra, retired status and number of years retired at 
time of testing; b) by categorization of instrument type; and by c) amount of life span 
training examined via amount of private music lessons taken, average hours subjects 
practiced each week.  
Hypotheses. a) Based off evidence from research examining the music by cognition 
interaction, which states that more music involvement leads to larger cognitive benefits, we 
suggest that larger amounts of practice and performance hours per week, longer periods of 
both music lessons and career spans will yield higher scores on cognitive ability when 
compared to musicians with less music involvement.  
We specifically hypothesize that those with more music experience indicated 
through larger quantity of music lessons taken, more years worked for an orchestra and 
larger amounts of hours they practiced weekly, will score higher than those with less music 
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experience. We also predict that younger ages of music lesson acquisition or younger ages 
that people started to play an instrument, will yield higher scores on cognitive performance 
tasks than those who started later in life.  We also suggest that those who are not retired 
will score higher on neuropsychological tests as non-retired members do not have as much 
recent and intensive musical practice (indicated as a measure that yields higher scores in 
cognitive tasks above) and experiences. b) We believe cognitive variance will be present 
based off musician’s instrument type although a lack of literature on instrument specific 
effects on cognition bar us from making explicit predictions (Proverbio & Orlandi, 2016). c) 
Based off evidence from research examining the music by cognition interaction, which 
states that more music involvement leads to larger benefits from music, we suggest that 
larger amounts of practice determined by hours per week, longer periods of music lessons 
and career spans will be positively correlated with cognitive scores. In summary, we predict 
more music involvement, measured in any way, will yield higher scores on cognitive 
performance.  
Aim Three  
Examine neural function of musicians via EEG data collection at five key situation 
points: pre-testing resting state with (1) eyes closed and (2) eyes open before tasks have 
begun; during completion of the Bluegrass Working Memory task (3) trial one and (4) two; 
and at (5) post examination. Examine frequencies of four distinct brainwave signatures 
(beta, alpha, theta, delta) during five key point recordings based on predictor values, and 
specific brainwave signatures with behavioral data.  
 Hypotheses. We predict that larger alpha signatures related to working 
memory and theta related to attention will be seen in participants with more music 
experience. We suggest a positive relationship between both alpha and theta signatures and 
percent accuracy and speed in cognitive performance tasks. In particular we suggest 
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musicians will show superior ability in working memory and attentional inhibition shown 
through EEG signatures related to these specific cognitive tasks.
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Chapter Six: Analyses and Results 
Data analyses were completed using SPSS version 24 and PRISM. E-prime software 
was used to compute accuracy and speed of performance during the Bluegrass working 
memory task. MATLAB version R2016b was utilized to compute EEG energy.  
Descriptive Analyses: Musical Background Questionnaire  
  Results from participant’s music background questionnaire were derived from 
descriptive and frequency statistics. Twenty-nine participant’s answers on this 
questionnaire were used to compile data. Twelve participants were male and seventeen 
were female and all participants were white. Twenty-five participants were right-handed, 
and four participants were left-handed. The average age of participants was 61.17, and 
participants ranged in age from 40-77.  
Marital status. Answers about marital status indicated that seventeen were 
married, seven were single or never married, one was widowed and four were divorced.  
Financial status. The financial status of musicians was collected subjectively by 
asking participants about their family’s financial status at two different periods in the life 
span, during their childhood upbringing and their current financial status. Participants 
indicated that their financial status could be described by one of three subjective answers, 
“just enough to get by”, “more than enough to get by” and “struggle to get by.”  Eighteen said 
they had “just enough to get by” and 11 indicated they had more than enough to get by 
growing up, while only eight subjects said they currently had “just enough to get by” and 21 
said they had “more than enough to get by.” No participant indicated their family struggled 
to get by in early childhood or currently. These results showed us that, generally, subjects 
lived in households that were more financially stable. Households were also more 
financially stable in their adulthood than their childhood (See Table 6.1).  
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Table 6.1.  
Summary Table of Musician’s Financial Status Through the Life Span  
 Struggle to 
get by 
Just enough to 
get by  
More than 
enough by  
Financial Status  
Current Finances  0% 8 (27.6%) 21 (72.4%)  
Childhood Finances  0% 18 (62.1%) 11 (37.9%) 
 
 
Average of Both 
Time Periods  
0% 44.85% 55.15% 
 
Note. The average financial status of participants was split, approximately half of 
participants stated they were financially secure, while the other half indicated they had only 
enough money to get by, meaning they had little extra money left over after taking care of 
the essential, necessities of life. Interestingly musicians were more financially secure, at 
testing, than during their childhood. Over half of participants indicated they only had 
enough to get by as they grew up. Although this situation changed as they progressed 
through their life span, when in adulthood, between the ages of 40 and 77, 72% of 
participants indicated they had the necessary financial means to live and still had extra 
money left over.     
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Educational level. Three questions were asked about education including subject’s 
father's education, mother's education, and their own education. Father education was as 
follows: nine had a graduate degree; seven had some college, or AA degree, or had gone to 
technical school; four had gone as far as high school or had a general education degree; and 
nine had less than 12 years of education. Participant mother’s education showed dissimilar 
results, indicating only one mother in the less than 12 years of education category; nine 
mothers had a high school or general education degrees (GED), five with some college 
education, or AA degree or technical school experience; nine holding a college degree and 
five having a graduate degree. Interestingly, when examining the subject’s personal 
education, the majority, or 24 of 29 participants, had a graduate degree and one had a 
college degree. Of the remaining four subjects who did not obtain a graduate degree, three 
went to some college or received an AA degree or had gone to technical school, and one 
graduated with a general education degree or from high school (See Table 6.2).
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Table 6.2.   
Education and Career of Participants and Their Family Members 
 
Note. This summary table of participant’s and their family member’s education levels 
suggest that the most common level of education found among them was a graduate 
degree and then some college.  Participant’s mothers had more years of education than 
fathers and only participant indicating they had never attended college or technical 
school.  
 
Education Level  
 
 
Subject’s 
Education  
Mother’s 
Education 
 
Father’s 
Education 
Total   
Less than 12 
years of 
education  
 
0 1 9 11   
High 
school/general 
education  
 
1 9 4 14   
Some college/AA 
degree/tech 
school 
 
3 5 7 15   
College degree 
 
1 9 0 10 
 
 
  
Graduate degree 24 5 9 39   
 
Musical education. Further information about participants who had gone on to 
college or graduate school was obtained to determine if degrees were specifically earned in 
music. Summary calculations indicated that all participants holding an associate’s degree or 
higher earned that degree in music studies. Of the remaining two one did not obtain 
education levels high enough to receive a music degree and one either received education 
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through a technical school or only indicated they had some college, therefore did not go far 
enough through their education to receive the music degree.  
 Information about music education before college was also collected showing that, 
in high school, twenty-seven participants had some sort of music education and two did not. 
The same statistics were found for K-8 education; twenty-seven of the students had a 
curriculum that included music while two did not. When asked about the particular type of 
music education they received in primary school results were as follows: three participants 
only had band education; two participants had band, orchestra, and chorus; one participant 
had band, orchestra and another unidentified music education class. One participant had 
band and chorus class; six participants had chorus and orchestra education; seven 
participants had solely orchestra education; one participant said they had band, orchestra, 
chorus, and another form of music education; one participant indicated orchestra, chorus, 
and music theory, two participants indicated band and another unidentified form of music 
education and one indicated no music education.  
Participants were also asked about music education outside of school, calculated by 
the number of years of private music lessons received and the age they started private 
music lessons. The youngest someone started to receive private music lessons was three 
and the oldest age to start receiving lessons was 32. The average age the participants 
started to receive private music lesson was 9.28 years (IQR = 4, Median = 9, SD = 5.554). 
The number of years of private music lessons that subjects received ranged from seven to 
thirty-six years with an average of 15.89 (IQR = 9, Median = 15, SD = 6.81142). The number 
of years a participant had played their musical instrument was calculated by subtracting the 
age they started taking private music lessons from their reported age. Participants had been 
playing their instrument an average of 51.9 years; with a range of 30-64 years (Refer to 
Table 6.3 and Figure 6.1). 
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Table 6.3.   
Summary Table of School Music Education  
 K-8 Education  High School  College   
Music Education  
Yes   28 (97.4%) 27 (93.1%) 27 (93.1%) 
 
No 1 (2.6%)  2 (6.9%) 2 (6.9%) 
 
Note. This summary table shows that the large majority of participants received musical 
education throughout their life span; when growing up during childhood and adolescence 
and in young adulthood in college. Only three participants total in all three categories 
indicated they did not receive music education at the specified time point throughout the 
life span; either during childhood, K-8 education, adolescence, high school education or 
young adulthood, during collegiate education.
 
 142 
Figure 6.1.  
Scatter Gram of Musicians’ Time Spent Playing their Instrument vs. Age  
 
 
Note. Linear regression analysis showed age was not significantly correlated with the age 
someone started to take music lessons (F(1,27) = 1.948, p > .05), but age was significant 
correlated with the number of years of private music lessons taken (F(1,26) = 4.952, p < 
.05) and the years a participant had played their instrument (F(1,27) = 61.83, p < .0001). 
This scatter gram shows that older participants indicated they had taken fewer lessons than 
younger participants.  
 
 Siblings and parents musical background. Other information we obtained about 
participant’s parents included whether their parents played an instrument recreationally or 
had a career in music. Results showed that nine did not have a mother or father that played 
an instrument recreationally and twenty did, in fact, have a mother or father who played an 
instrument. When subjects were asked whether their parents had a musical career seven 
did have parents who had a musical career and 22 participants said their parents did not. 
This information was important to obtain from subject’s parents because research about 
the life course of professional musicians shows that the likelihood for a musician to become 
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a professional is strongly influenced by whether or not the parents of the musician were 
professional musicians (Manturzewska, 1990). Information was also obtained about 
participant’s siblings and their recreational use of instruments as well as the percentage of 
subject’s siblings that had a musical career (Refer to Table 6.4).  
 
Table 6.4.  
Summary Table of Musician’s Family Members Involvement in Music  
 
 
 
 
 
 
 
 
 
 
Note. This summary table shows that participant’s parents were more likely to have a 
musical career and play a musical instrument recreationally than their siblings. The 
majority of the participant’s families did not have a musical career, but over half of their 
family members (siblings and parents) played a musical instrument recreationally.  
 
Support to pursue music. While completing the musical background questionnaire 
musicians were asked to “Rate the level of support you received to pursue a musical career 
in your youth on a scale from one to five for the following categories: emotional, tangible 
Family Members Music Involvement 
 
Siblings 
Music 
Career 
Recreational 
use of 
instrument 
 
Yes 
No 
5 
23 
17 
12 
 
Parents 
Yes 7 20 
 
No 22 9 
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financial and active encouragement.” They rated this support on a Likert scale modeled 
after the Rand Corporation Social Support Survey Instrument (Gembris, 2012; RAND Health 
Corporation, 2017); the scale ranged from one, none of the time, to five, all of the time. This 
was done in an effort to evaluate their experiences while pursuing music as an adolescent. 
Over half, 65.5% or 19 participants indicated that they had emotional support all of the time 
and no subject indicated they received emotional support, little of the time or none of the 
time.  Within the financial support category, responses were less positive: 16 said they 
received financial support all of the time, 7 said most of the time and 5 said some of the 
time; one person, indicated a little of the time. Finally, when asked about active 
encouragement to pursue a music career 15 had support all of the time and the remaining 
14 or 48% indicated they were supported some of the time or most of the time. We asked 
about the support level participants received as an adult, results were more scattered: 16 
specified all of the time, nine specified most of the time, three specified some of the time and 
one said they received support in adulthood to pursue music a little of the time. No 
participant in any category said they received support none of the time indicating that no 
musicians had zero support in any category. Zero support may have resulted in someone 
not pursuing or not being able to pursue a music career.  In summary, average support 
scores ranging from one to five indicated for support to pursue music while subjects were 
growing up were as follows: emotional support (4.48), financial support (4.31), active 
encouragement to pursue a music career (4.31), and general support to pursue music for 
subjects as adults (4.38). These high scores in each category are potentially predictive of 
how and why these musicians became professionals (Refer to Table 6.5). 
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Table 6.5.   
Summary Table of Perceived Support Levels  
 1=None of 
the Time 
2=A little 
of the 
Time 
3=Some of 
the Time 
4=Most of 
the Time 
5=all of 
the Time  
Category of Support 
Emotional  0% 0% 5 (17%) 5 (17%) 19 (66%) 
Financial  
 
Active 
Encouragement 
to Pursue 
Musical Career 
 
 
0% 
 
0% 
1 (3%)  
 
0% 
5 (17%) 
 
6 (21%) 
7 (24%) 
 
8 (28%)  
16 (55%) 
 
15 (52%) 
 
 
 
16 (55%) General Support 
as an Adult  
0% 1 (3%) 3 (10%) 9 (31%)             
      
Note. Emotion and financial support as well as support in the form of active encouragement 
to pursue a musical career were all collected regarding the participant’s childhood; 
participants were also asked about general support levels received to pursue music at later 
life span periods, in adulthood. This summary table shows that musicians received some 
level of support in all of the categories, as zero participants indicated they received support 
none of the time in any of the categories of support. Participants received the greatest 
amount of emotional support and generally similar levels of financial and active 
encouragement to pursue music during childhood. Musicians received slightly lower levels 
of support to pursue music in adulthood compared to the support received during 
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childhood. These changes in level of support throughout the life span may result from 
parents giving the support in childhood versus a spouse or partner that would typically 
support an independent musician.  
 
 Years spent working and hours spent practicing for the orchestra. This study 
determined the amount of life span involvement in music participants had by asking about 
the number of years they have played in the orchestra and, if retired, years they have been 
retired from the orchestra. The minimum number of years a participant indicated that they 
worked for a professional orchestra was one and the maximum was 60 years, with an 
average of 30 years. Nine participants had worked for 40 or more years, 13 had worked 
between 20 and 40 years and seven had worked fewer than 20 years. Twenty-one out of 
twenty-nine participants were currently working for a professional orchestra and eight had 
retired from the orchestra. Of the seven, orchestra retirees, the maximum number of years 
that they had been retired was thirty (one participant) and the minimum number of years 
was five (3 participants), the average number of years a retiree had been retired was 10.8 
years (See Figure 6.2). Most retirees indicated during testing that they were not playing for 
a professional orchestra at that time but were still engaged in music. They often asked if 
they should indicate, on the music experience survey, that they were not retired because of 
this engagement. We asked participants to indicate if they were retired from a professional 
orchestra specifically, regardless if they were active in music in another outlet or not. 
Therefore, if they had retired but were still playing recreationally, they still indicated they 
were retired from music in a professional setting. This allowed us to differentiate those who 
were currently playing professionally and those who were not.  It also allowed us to 
determine the levels of challenge music was recruiting, as we suggest professional 
involvement with music requires more challenge than recreational music playing.  
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Figure 6.2.  
Scatter Gram of Years Musicians Played vs. Age  
 
Note. The unfilled box, in the key to the right, denoting years retired, represents the number 
of years a participant had been retired from the orchestra. The number could range from 0 
(had not retired from the orchestra) to 30 (participant had been retired from playing 
orchestral music for 30 years).  Orchestra years played denoted in the key by a solid box, 
stands for the number years the participant had played in the orchestra. Age was not 
significantly correlated with the number of years a participant had been retired from the 
orchestra, but was significantly correlated with the number of years they had played for the 
orchestra (F(1,27) = 13.16, p < .01), when a linear regression calculation was made.  
 
 Participants indicated they spend, on average, 6.10 (SD = 4.386) hours weekly on 
practicing their musical instrument. Participants spend 5.41 hours performing music 
weekly. These statistics could have been skewed by retired musicians, who may not practice 
and perform as often and by musician not tested during their peak performance season 
based on the orchestra they played in. Musicians were tested during the early spring and 
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summer months between May and September and this is typically not a busy performance 
season for musicians. Another factor that potentially influenced recorded number of hours 
practiced and performance weekly was whether the subject was working for an orchestra 
that performed and practiced year-round, such as the Louisville orchestra, or an orchestra, 
like Lexington Philharmonic, that does not work year-round.   
Analyses were re-run to take into consideration the musician’s retirement status 
and potentially fewer practice hours reported by retired musicians. After re-running these 
averages, analyses showed those currently working practiced on average 6.88 (SD = 4.25) 
hours per week and those who were retired practiced on average 4.06 (SD = 4.33), over a 
three-hour difference in hours spent per week practicing. Means of weekly performance 
hours showed that those who were retired spent on average 3.63 (SD = 5.048) hours 
performing per week and those who were currently working spent an average of 6.13 hours 
performing per week, close to double the number of hours. This confirmed our hypothesis 
that those who were retired were less involved in music and this influenced the number of 
practice and performance hours reported. 
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Figure 6.3.  
Scatter Gram of Regression Analysis Examining Age vs. Hours of Practice  
  
 
 
 
 
 
 
 
 
 
 
Note. Regression analysis showed that age was not significantly related to the number of 
hours a participant had spent practicing weekly.  
 
The orchestras that these musicians completed practice and performances for 
varied greatly outside of the eighteen participants who came from the Lexington 
Philharmonic Orchestra. The next largest number of musicians came from Louisville 
Orchestra. Two participants had played for Cave Run Symphony Orchestra. The remaining 
musicians out of twenty-nine played for one or more of the following orchestras: Cincinnati 
Symphony Orchestra, WVA (West Virginia) Symphony, Ohio Valley Symphony, WV 
(Huntington) Symphony, Claremont Symphony, UK (University of Kentucky) Symphony, 
Victoria Texas Symphony, Orchestra Iowa, El Paso Symphony, Las Cruces Symphony, El 
Paso Opera Orchestra, Ottumwa Symphony, Lexington Bach Chorale Orchestra, Madison 
4 0 5 0 6 0 7 0 8 0 9 0 1 0 0
-2
0
2
4
6
8
1 0
1 2
1 4
1 6
1 8
2 0
 A g e  v s . H o u rs  o f P ra c tic e
A ge
H
o
u
r
s
 o
f 
P
r
a
c
ti
c
e
 (
W
e
e
k
ly
)
 
 150 
Winds, Debut Symphony, Claftin Hill Orchestra, Santa Fe Opera, Louisville Bach Symphony, 
Louisville Ballet Orchestra, County Orchestra, Traverse City Symphony, Midland/Odessa 
Texas Orchestra, Butler Symphony, TWU (Texas Women’s University) Symphony, 
Richardson Symphony, Jewish Community Orchestra. Most musicians indicated they had 
played in more than one orchestra either at different points in their career or had played for 
more than one orchestra at the same time.  
Type of instrument was distinguished among musicians because different 
challenges, either in the mind or body, may be required to play a musical instrument. The 
various levels of cognitive challenge may have been represented in their cognitive scores; 
therefore, musicians were segregated by instrument type.  
Type of instruments played. Two types of instrument classification were used. 
The Hornbostel Sachs instrument classification, first, was used to classify instruments into 
four of five broad categories: Idiophones, membranophones, chordophones, aerophones, 
electrophones. Electrophones are those instruments that have electrical amplification, and 
none were included in our study because we studied classical orchestral musicians who do 
not play electronic instruments. This musical instrument classification system categorizes 
instruments according to the methods that a musician uses to play the instrument. For 
instance, idiophones are an example of those instruments that are struck to play. 
Membranophones are played by producing sound through vibration that occurs when a 
tightly stretched membrane is struck and includes most types of drums. Chordophones 
encompass all instruments that produce sound through the vibration of a string or strings. 
Lastly, aerophones include any horn instruments as they produce sound by means of 
vibrating air, through a tube, as seen in saxophone or horn players.  
There were 17 chordophones, 10 aerophones, two membranophones. Because this 
system categorized instruments very broadly and we could only use four of five categories, 
 
 151 
as there were no subjects who played electrophones included in our study, we also broke 
instruments into more specific categories. This categorization placed instruments into four 
general categories; string, woodwind, brass and percussion instruments. Sixteen strings, 
five woodwinds, three percussions and 5 brass instrumentalists were included in our study. 
Unfortunately, participants could not be stratified equally into these four groups; therefore, 
the study's power was affected.  
The major difference between the Hornbostel Sachs classification system and the 
more specific instrument classification system is that horns are separated into woodwind 
and brass categories in the specific instrument classification system, but woodwinds and 
brass players are grouped together as one category titled horns in the Hornbostel Sachs 
classification system.  
The Hornbostel system of classification allowed for more equal stratification of 
groups and higher power but was a more general classification system, which may not 
highlight specific differences in cognition and EEG found between instrumentalists. The 
alternative classification system was more specific by type but allowed for less power in our 
analysis and therefore we felt showing results based on the use of both classification 
systems was necessary.  
Analyses by Specific Aim 
Analyses were run using statistical software SPSS 24.0 and PRISM. A sample of at least 10 
subjects per group in each analysis allowed for 80% power to detect a large effect size of 
1.25 at the 0.05 level of significance. Although groups were not evenly distributed for 
analysis run by instrument type and the effect this has on our power is acknowledged, we 
indicate results found for a small group size to inform this preliminary data. Aerophones 
and chordophone groups within the Hornbostel classification system did encompass at least 
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10 participants to allow for appropriate power, but percussion, woodwinds and brass 
groups did not for the specific classification type.  
Specific Aim One Employ data on musician’s cognitive ability gained through 
administration and scoring of four neuropsychological tests to compare musicians’ 
cognitive performance scores with normative data derived from existing studies.  
Hypotheses. Professional musicians test at or above normative levels of cognitive 
ability on all neuropsychological examinations.  
Data cleaning. Bluegrass working memory data included speed in milliseconds and 
accuracy of each trial completed and data was cleaned by evaluating the speed of each trial. 
Trials were eliminated if participant’s reaction time was six standard deviations above or 
below the mean. Before cleaning data, the average time that it took participants to complete 
a trial was 621.52 milliseconds with a standard deviation of 62.75, therefore if participants 
took 998.02 milliseconds or more to complete a trial it was eliminated from the analysis. 
Trials that were six standard deviations below the mean of 921.52 milliseconds or 245.07 
milliseconds and slower were also deleted from the data. Cleaning the data with these 
stipulations allowed us to delete trials that participants pressed keys too quickly by 
accident or trials were participants drifted off and were not completing the task or looking 
at the computer screen. The data was cleaned liberally as we used six standard deviations 
as our benchmark for elimination to ensure we were not deleting trials that were simply 
harder and took more time or easier and completed faster. It takes 300-400 milliseconds to 
blink your eye so we know participants had to take at least this amount of time to complete 
a trial on the task. Using benchmarks like this helped us make decisions on how many 
standard deviations above or below the mean were appropriate to delete.   
Analysis. Specific aim one hypotheses were tested by comparing descriptive 
statistics of each cognitive performance test with normative data from previous studies that 
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used the tasks to determine the cognitive ability of older adults. A summary chart of this 
information on normative data can be found below in Table 2. Average, typical scores on 
each neuropsychological task derived from meta-analyses or large population samples 
using the same measure were compared with our subject’s scores through One-Sample T-
tests.  
 Result. No participant scored below a 24 (M = 27.48, SD = 1.7) on the MoCA, which 
indicated no participant was within the range for cognitive impairment according to the 
MoCA cutoffs (Borland et al., 2017). Table 1. Shows a comparison of current participant’s 
average scores on neuropsychological exams with average scores of participants in 
previous studies, often meta-analyses.  
Single sample t-tests were conducted to determine if there was a significant 
difference between neuropsychological testing scores in our population of musicians and a 
general population of subjects previously tested. Musicians completed the Trail A task 
significantly faster (M = 25.06, SD = 5.70) than the general comparison population (t (27) = -
39.213, p = 0.000). Trail B (M = 57.71, SD = 26.70) was also completed significantly faster (t 
(27) = -21.178, p = 0.000).  
  Average Digit Symbol Substitution scores are understood to be between 38 and 66 
points (Hoyer et al., 2004), therefore an average of 52 points was used as a test value to 
compare musician’s scores using a one-sample statistics. Musician’s scores were 
significantly higher (M = 58.90, SD = 12.70) than comparison populations (t (28) = 2.924, p 
= 0.007). 
Participant’s scores on the Ruff 2 & 7 examination were compared with suggested T 
scores used for clinical interpretation of results presented in the Ruff 2 & 7 selective 
attention test professional manual (Ruff & Allen, 1996). T-scores were converted into 
percentile ranges for ease of interpretation across fields. The average percentiles that 
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participants scored in on the Ruff 2 & 7 test in speed (M = 51.3, SD = 27.9) and accuracy (M 
= 53.28, SD = 22.28) were relatively similar to the average performance of the general 
population. Scores were not significantly different from normative data in comparison 
population in speed (t (28) = 0.446, p = 0.66) or accuracy (t (28) = 1.033, p = 0.310). Ruff 2 & 
7 examinations are scored by age and education level of the participant, which allowed us to 
score based on and control for these covariates. The Bluegrass working memory scores 
pertaining to accuracy in non-match trials (M = 99.41, SD 1.053) and match trials (M = 
98.79, SD = 1.878) for musicians were statistically significantly different than average 
scorers on non-match (t (28) = 13.370, p = 0.000) and match trials (t (28) = 9.156, p = 0.00!) 
from comparisons population. Similarly, scores on speed measured in milliseconds in the 
Bluegrass working memory task was significantly different in the comparison population 
versus musician participants. The current study’s participants (M = 619.27, SD = 50.985) 
were significantly faster on non-match trials (t (28) = -9.741, p = 0.000) and match trials (t 
(28) = -6.513, p = 0.000). 
 
 
1
5
5
 
Table 6.6 
 
 Cognitive Performance Tasks Normative Data 
 
Cognitive Task Used Type of Cognition 
Assessed  
Normative Score 
Comparison  
Mean Participant 
Scores  
Source  
MoCA 
(points) 
 
Screening for MCI & 
AD  
24-26/30 points 27.5/30 (Borland et al., 2017) 
Trail A 
(RT=seconds)  
Cognitive flexibly- 
task switching  
67.26 sec.  25.06 (Giovagnoli et al., 1996)  
 
 
Trail B 
(RT=seconds) 
Cognitive flexibly-
task switching 
164.54 sec.  57.71 (Giovagnoli et al., 1996) 
 
 
Digit Symbol 
Substitution  
(points) 
Processing speed  38-66 points 
Mean=52 points 
58.90 (Hoyer et al., 2004) 
 
 
 
Ruff 2 & 7  
(% tile Speed) 
(% tile Accuracy) 
 
Selective Attention  
 
32-66  
Mean=49 
 
51.3 (Speed)  
53.3 (ACC) 
 
(Ruff & Allen) 
Bluegrass Working 
Memory Task  
(percentage correct)  
 
Short-term 
memory, Attention 
96.8% (Non-match) 
95.6% (Match Trial) 
 
99.4% (Non-match) 
98.8% (Match Trial) 
(Hammond et al., 2017; 
Lawson, Guo, & Jiang, 2007) 
 
 
Bluegrass Working 
Memory Task  
(milliseconds)   
Short-term 
memory, Attention 
 
711.5 (Non-match)  
671.3 (Match Trial)  
619.3 (Non-match) 
606.12 (Match 
Trial)  
(Hammond et al., 2017)  
  
 
   
Note. Refer to Table 6.7. For full clinical interpretation of Ruff 2 & 7 scores stratified by age and education
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Table 6.7. 
 
Suggested Guidelines for the Clinical Interpretation of Percentiles 
 
% Tile                                                               Suggested Clinical Interpretation 
 
≥70  Above average 
32-66 Average 
16-27 Below Average  
7-14 Mildly Impaired  
2-5 Mildly-to-moderately impaired 
1-2 Moderately impaired  
<1 Moderately-to-severely impaired 
<1 Severely impaired 
 
 
Note. Percentiles derived from Ruff 2 & 7 Selective Attention Test Professional Manual  
(Ruff & Allen, 1996)
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Table 6.8 
 
Normative Score Comparaison Populations   
 
Source  Study 
Objective  
Task Age of Pop.  No. of 
Participants  
Borland et 
al., 2017 
To establish 
norms for the 
task 
MoCA 65-85 758 
Giovagnoli 
et al., 1996 
To establish 
norms for the 
task 
Trail A & B 20-79 287 
Hoyer, et al., 
2004 
Meta-analysis 
of 141 studies 
Digit Symbol 
Substitution  
Mean age 
≥ 60 in each 
study  
 
3,876 
Ruff et al., 
1996 
To establish 
standardization 
and normative 
statsitics 
Ruff 2 & 7 16-70 360 
Hammond 
et al., 2017 
Examination of 
brain exercise 
for synaptic 
plasticity  
Bluegrass 
Working 
Memory 
Task  
Mean age of 
72 
34 
 
  
Note. This table explains the details of the study’s populations that were used to 
compare the current sample of musician’s cognitive scores. Bluegrass Working 
Memory Task is a newly developed task therefore there were fewer studies and 
smaller populations to compare current data with.  
 
Specific Aim Two  
Examine potential sources of life span variability in cognitive challenge via 
neuropsychological testing scores within the following predictor variable categories: a) 
across time through age of acquisition of music lessons, number of music lessons taken, 
years a participant worked for the orchestra, retired status and number of years retired at 
time of testing; b) by categorization of instrument type; and c) by amount of life span 
training examined via amount of private music lessons taken and average hours subjects 
practiced each week.  
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Hypotheses. a) Based off evidence from research examining the music by cognition 
interaction, which shows that more music involvement is correlated with larger cognitive 
benefits, we suggest that larger amounts of practice and performance hours per week, 
longer periods of both music lessons and career spans will yield higher scores on cognitive 
ability when compared to musicians with less music involvement.  
We specifically hypothesize that those with more music experience indicated 
through larger quantity of music lessons taken, more years worked for an orchestra and 
larger amounts of hours they practiced weekly will score higher than those with less music 
experience. We predict that starting music lessons at a younger age will yield higher scores 
on cognitive performance tasks than those who started later in life.  We also suggest that 
those who are not retired will score higher on neuropsychological tests as non-retired 
members do not have as much recent and intensive musical practice (indicated as a 
measure that yields higher scores in cognitive tasks above) and experiences. b) We believe 
cognitive variance will be present based on musician’s instrument type, although a lack of 
literature on instrument specific effects on cognition bar us from making explicit 
predictions (Proverbio & Orlandi, 2016). C) Based off evidence from research examining the 
music by cognition interaction, which states that more music involvement is related to 
benefits from music, we suggest that larger amounts of practice determined by hours per 
week, longer periods of music lessons and career spans will be positively correlated with 
cognitive scores. In summary, we predict more music involvement measured in any way 
will lead to higher scores on cognitive performance than lower levels of involvement.  
Coding. Sex, age and education were controlled. Age is measured in years, sex is 
coded as 0= male, 1 = female, and education is coded as 0 = college graduate, 1= some 
college, 2 = high school/GED, 3 = some college/AA degree/Tech school, 4 = graduate degree 
and amount of time spent playing in an orchestra is measured in years. 
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Analyses. Within-group comparisons of musicians were computed by examining 
the relationship between predictor variables (answers on music background questionnaire) 
and scores on neuropsychological examinations. A linear regression was run to examine the 
cognitive ability of subjects based on the following continuous (numeric) predictor values: 
music involvement (hours of practice completed per week), number of years of music 
lessons taken, the age of acquisition of music lessons and years a participant has worked for 
an orchestra. ANCOVA analyses were run to determine the cognitive ability of participants 
based on the remaining three predictor values that were categorical (non-numeric) that 
included the following: work status (retired or currently working), type of instrument and 
the Hornbostel Sachs instrument classification. Covariates sex, education and age were 
controlled for in both regression and ANCOVA analyses. Cognitive ability was tested 
through scores obtained on MoCA, Trail test version A & B, Digit Symbol Substitution, Ruff 2 
& 7 and Bluegrass working memory task.  
 Results. The Hornbostel instrument classification was used to test variability in 
cognitive performance based on instrument type. Three categories within this classification 
system, membranophones, aerophones, chordophones were used to categorize our subjects 
by an instrument. This is one way to categorize instruments, but when instruments were 
separated into more specific categories such as brass, woodwinds, strings and percussion 
instruments, results for specific predictor variables differed from results where the 
Hornbostel system was used.  
No predictor values were correlated with cognitive performance scores in 
regression analyses, which were used to compare numeric, continuous variables and 
neuropsychological scores. ANCOVA analyses indicated that musician’s scores on MoCA (F 
(3, 22) = 3.573, p < .05) and Bluegrass working memory task (F(3, 22) = 4.088, p < .05) were 
significantly related to the type of instrument they played. Woodwind players scored the 
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highest on the MoCA (M = 28.8, SD = 1.30), string players had the second highest scores (M  
= 27.63, SD = 1.5), percussion player’s scores were the third highest (M = 27, SD = 2.65) and 
brass players scored the lowest (M = 26, SD = 1.22). Analysis of speed during the Bluegrass 
Working Memory task measured in milliseconds indicated that string players (M = 599, SD 
= 59.63) and then brass players (M = 600.93, SD = 50.60) were the top two scores and 
percussion (M = 629.07, SD = 9.44) and woodwind (M = 656.79, SD = 30.478) players had 
the lowest average scores. Refer to table 6.8 for a complete list of partial correlations for 
cognitive performance tasks segregated by predictor variables.  
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Table 6.9. 
 
List of Partial Correlations between each Neuropsychology Score and Each Predictor Variable 
Adjusted for Age, Education and Sex.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note. * p < .05. 
 
 
No. of years 
Lesson  
Age that 
Lessons 
Started 
Years Worked 
for Orchestra  
Hours of 
Practice  
No. of Years 
Retired  
MoCA .020 -.052 -.023 -.030 -.140 
Trail A 
(sec) 
-.108 .023 .231 -.171 -.362 
Trail B 
(sec) 
-.085 -.086 .189 .016 .018 
Digit 
Symbol  
.211 .042 -.234 -.008 .049 
Ruff 2 & 7 
Speed 
%tile 
.160 -.252 -.098 .078 -.143 
Ruff 2 & 7 
Acc. %tile 
-.038 
 
.317 .083 -.020 -.269 
Bluegrass 
%  
-.147 .104 .258 .012 -.220 
Bluegrass 
Time 
.005 .112 -.061 .295 .020 
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Table 6.10. 
 
 F Values of Test of Between-Subjects Effects using ANCOVA Analysis, Controlled for Education, 
Age and Sex  
 
 
 
 Work 
Status  
Type of Instrument  
 
Hornbostel Sachs 
Classification 
MoCA .707 3.573* 
 
.322 
Trail A 1.076 .127 .116 
Trail B .025 .414 .506 
Digit Symbol  .681 .100 .168 
Ruff 2 & 7 Speed 
%tile 
.007 3.029 
 
.535 
Ruff 2 & 7 Acc. 
%tile 
.436 .336 .378 
Bluegrass %  2.736 .307 .484 
Bluegrass Time .410 4.088* .185 
    
Note. Significance found at the following levels; *p < .05
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Specific Aim Three 
Examine neural function of musicians via EEG data collection at five key situation 
points: pre-testing resting state with (1) eyes closed and (2) eyes open before tasks have 
begun; during completion of the Bluegrass Working Memory task (3) trial one and (4) two; 
and at (5) post examination. Examine frequencies of four distinct brainwave signatures 
(beta, alpha, theta, delta) during five key point recordings based on predictor values, and 
specific brainwave signatures with behavioral data.  
Hypotheses. Hypotheses regarding EEG recordings are primarily based on theta 
and alpha signatures as these signatures are related to working memory and attention, 
respectively. We predict that larger alpha signatures related to working memory and other 
cognitive abilities and theta related to attention will be seen in participants with more 
music experience. We suggest a positive relationship between alpha and theta signatures 
and percent accuracy and speed in cognitive performance tasks. In particular, we suggest 
musicians will show superior ability in working memory and attentional inhibition shown 
through EEG signatures related to these specific cognitive tasks. 
Analysis. EEG energy output was measured in uV2 and calculated through the 
MATLAB software version R2016b. It was organized into units by pulling all participants 
data on a particular frequency (theta, beta, gamma, alpha) and channel (e.g. F3, F4, P7, P8) 
together during a specific recording (i.e. eyes closed pre-testing). Organizing data this way 
allowed researchers to analyze participant’s oscillations or energy in a particular area of the 
brain within a specific power range or particular EEG signature (i.e. theta, gamma) and 
determine if it was correlated with their scores on neuropsychological exams. It also 
allowed for comparison of EEG energy between participants defined through predictor 
variables (See Figure 6.5).  
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Figure 6.4.  
Map of Electrode Sensor Placement on the Skull  
 
 
 
 
 
 
 
 
 
 
Note. AF = Anterior Frontal; F = Frontal Lobe; FC = Frontal Central; T = Temporal Lobe; CMS 
= reference point; DRI = Reference point; P = Parietal Lobe; O = Occipital Lobe; Even 
numbers represent placement on the right side of the skull; Odd numbers represent 
placement on the left side of the skull
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Regression analysis was used to compare EEG recordings with five continuous 
predictor variables including the number of years private lessons taken, age participant 
started to take music lessons, the number of years a subject worked for the orchestra, 
average hours of practice in a week, and the number of years retired musicians were 
retired. ANCOVA was used to compare EEG recordings with the remaining four categorical 
variables: work status (1), retired or currently working (2), type of instrument played 
specifically (3) and instrument type based on Hornbostel Sachs classification system (4). 
The specific frequency channels examined included: F3, F4, P7, P8, O1, O2 brain sights for 
theta, alpha, gamma, beta. F stands for frontal lobe, P stands for parietal lobe and O stands 
for occipital lobe. Even numbers represent the right side of the brain and odd numbers 
represent the left side of the brain within that specific lobe. For example, P7 represents the 
brain oscillations in the parietal lobe on the left side. (Refer to Figure 6.5). The analysis in 
PRISM was completed by looking at the relationship between cognitive performance scores 
and EEG signatures using the Pearson R test of correlation. Pearson’s correlation coefficient 
test was run in PRISM to measure the association between neuropsychological test scores 
and EEG recordings. 
Results. Regression and ANCOVAs were run to look at the relationship between 
predictor values and cognitive performance scores. Pearson R correlations were run to look 
at the relationship between cognitive performance scores and EEG signatures (Refer to 
Table 6.10).  
Regression. Regression analyses were completed to determine any associations 
between EEG signatures and continuous predictor variables including the number (years) 
of private lessons a participant had taken, the age they started to take private music lessons, 
number of years participants had worked for the orchestra, average hours of practice a 
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participant completes weekly, the number of years they had been retired and the number of 
years they had played their instrument.  
Bluegrass task trial one EEG recordings. A multiple linear regression was used to 
test if EEG signatures predicted participant’s cognitive scores. Results showed the number 
of years of lessons a participant had taken significantly predicted theta F3 (r = .431, p < .05), 
theta F4 (r = .439, p < .05); thetaO1(r = .588, p < .005); thetaO2(r = .547, p < .01); Theta P7 
(r = .519, p < .01); Theta P8 (r = .456, p < .05); signatures recorded during the Bluegrass 
working memory task trial one. The average number of hours a participant practiced 
weekly were positively associated with theta F3 (r = .391, p < .05); thetaO1(r = .442, p < 
.05); thetaO2 (r = .551, p < .05); theta P7 (r = .450, p < .021), and were negatively associated 
with Alpha P8 (r = -.424, p < .05), signatures recorded during the Bluegrass working 
memory task trial one.  
Bluegrass task trial two EEG recordings. ThetaO2signatures recorded during 
Bluegrass working memory task trail two were positively correlated with the number of 
years of lessons participants had taken (r = .533, p < .01) and the average hours of practice 
(r = .506, p < .05) participants completed each week. Alpha P7 signatures recorded during 
Bluegrass Working Memory task trail two were negatively correlated with the age that 
musicians started to take private music lessons (r = -.509, p < .01) and positively correlated 
with the number of years that participants played their musical instrument (r = .509, p < 
.05). GammaO1(r = .419, p < .05), and gammaO2(r = .450, p < .05), signatures recorded 
during Bluegrass Working Memory task trial two were positively correlated with the 
average hours of practice completed weekly. No gamma signatures were correlated with 
predictor variables during EEG recordings taken while participants completed the 
Bluegrass working memory task.  
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Table 6.11. 
 
List of Partial Correlations between each EEG Channel and Frequency Wave Recorded During 
Bluegrass Task A1 and A2 of Bluegrass Working Memory Task and Each Predictor Variable 
Adjusted for Age, Education and Sex 
 
 No. of 
years 
Private 
Lesson 
Lesson 
Acquisition  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
A1 
Theta F3 
0.431*  
 
-0.013 0.153 0.391* 
 
-0.078 0.013 
A1 
Theta F4 
0.439* 
 
0.063 0.251 0.280 -0.247 -0.063 
A1 
Theta O1 
0.588** 
 
-0.023 0.302 0.442* 
 
-0.234 0.023 
A1 
Theta O2 
0.547** 
 
-0.057 0.218 0.551** 
 
-0.060 0.057 
A1 
Theta P7 
0.519** 
 
-0.183 0.259 0.450* 
 
-0.051 0.183 
A1 
Theta P8 
0.456* 
 
-0.061 0.049 0.344 0.003 0.061 
 
A1 
Alpha F3 
0.039 -0.245 -0.048 0.130 -0.112 0.243 
A1 
Alpha F4  
-0.167 0.124 0.018 -0.178 -0.305 -0.124 
A1 
Alpha O1 
0.048 -0.023 0.302 -0.028 -0.234 0.017 
A1 
Alpha O2 
-0.119 -0.171 0.115 0.020 -0.065 0.171 
A1 
Alpha P7 
-0.282 -0.237 0.020 -0.424* 0.018 0.237 
A1 
Alpha P8 
-0.231 0.348 0.041 -0.424* 
 
-0.167 -0.348 
 
 
A1 
Gamma F3 
0.184 0.335 0.337 0.140 -0.117 -0.335 
A1 
Gamma F4 
-0.166 0.234 0.231 -0.079 -0.280 -0.243 
A1 
Gamma O1 
0.034 0.080 0.250 0.067 -0.067 -0.080 
A1 
Gamma O2 
-0.031 0.120 0.202 0.077 0.000 -0.120 
A1 
Gamma P7 
-0.174 0.191 0.097 -0.083 -0.099 -0.191 
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A1 
Gamma P8 
-0.187 0.225 0.122 -0.063 -0.123 -0.225 
 
A1 
Beta F3 
0.039 -0.076 -0.157 0.092 -0.146 0.076 
A1 
Beta F4 
-0.092 0.134 0.009 -0.141 -0.327 -0.134 
A1 
Beta O1 
0.044 -0.007 0.007 0.834 -0.102 0.007 
A1 
Beta O2 
-0.005 -0.061 0.136 0.026 -0.141 0.061 
A1 
Beta P7 
-0.182 0.167 0.060 -0.110 -0.102 -0.167 
A1 
Beta P8 
-0.188 0.236 0.029 -0.083 -0.154 -0.236 
 
 No. of 
Years 
of 
Private 
Lesson 
Lesson 
Acquisition  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
A2 
Theta F3 
0.044 -0.034 0.184 -0.026 -0.115 0.034 
A2 
Theta F4 
-0.324 -0.139 -0.044 -0.300 -0.324 0.139 
A2 
Theta O1 
0.104 -0.192 -0.073 0.075 -0.172 0.192 
A2 
Theta O2 
0.081 -0.278 -0.141 0.211 -0.045 0.278 
A2 
Theta P7 
0.533** 
 
-0.361 0.332 0.506* 
 
-0.057 0.361 
A2 
Theta P8 
0.184 -0.094 -0.200 0.067 0.057 0.094 
 
A2 
Alpha F3 
-0.235 -0.029 -0.096 -0.009 -0.208 0.029 
A2 
Alpha F4 
-0.174 0.066 -0.066 -0.040 -0.223 -0.066 
A2 
Alpha O1 
-0.053 -0.051 0.068 -0.029 -0.162 0.051 
A2 
Alpha O2 
-0.075 -0.168 0.160 0.179 -0.146 0.168 
A2 
Alpha P7 
0.160 -0.509** 
 
-0.091 0.135 -0.152 0.509** 
 
A2 
Alpha P8 
0.145 0.030 0.230 0.121 -0.279 -0.030 
 
A2 
Gamma F3 
0.050 0.161 0.282 0.195 -0.094 -0.161 
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A2 
Gamma F4 
-0.212 0.259 0.325 0.054 -0.030 -0.259 
A2 
Gamma O1 
0.231 0.035 0.234 0.419*  0.041 -0.035 
A2 
Gamma O2 
0.306 0.079 0.185 0.450*  -0.041 -0.079 
A2 
Gamma P7 
-0.215 0.166 0.069 -0.020 -0.057 -0.166 
A2 
Gamma P8 
-0.142 0.217 0.176 0.041 -0.070 -0.217 
 
A2 
Beta F3 
-0.023 0.034 -0.430* 
 
0.106 -0.025 -0.034 
A2 
Beta F4 
-0.275 0.156 -0.265 -0.166 0.006 -0.156 
A2 
Beta O1 
0.132 0.109 -0.235 0.348 0.005 -0.109 
A2 
Beta O2 
0.082 0.001 0.169 0.332 -0.109 -0.001 
A2 
Beta P7 
-0.237 0.108 0.031 -0.049 -0.051 -0.108 
A2 
Beta P8 
-0.215 0.242 -0.024 -0.064 -0.108 -0.242 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001. 
A1= Bluegrass working memory task trial one, which was completed with participant’s 
dominant hand. A2 = Bluegrass working memory task trial two, which was completed with 
participants non-dominant hand.  
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Resting state eyes closed EEG recordings. theta P8 recordings taken during 
Resting state recordings while participant’s eyes were closed were negatively associated 
with the age musicians started taking private music lessons (r = -.431, p < .05), and 
positively associated with the years musicians had played their instrument (r = 431, p < 
.028). Alpha P8 recordings taken while participant’s eyes were closed were negatively 
associated with the number of years a participant had been retired (r = -.408, p < .038). 
Gamma F4 recordings taken while participants eyes were closed during resting state 
recordings were positively associated with the average number of hours participants had 
practiced each week.  
Resting state eyes open EEG recordings. Regression analysis indicated that 
alphaO1(oscillation in the left occipital lobe) was positively correlated with number of years 
musicians had worked for the orchestra (r = .442, p < .05) and strongly negatively 
associated with the number of years they had been retired from the orchestra (r = -.723, p < 
.000) on a scale from 0-30 years retired. The number of years someone had been retired 
from the orchestra was also negatively correlated with alpha F4 (r = -.568, p < .01) and 
alphaO2(r = -. 437, p < .05). No gamma signatures taken during Resting state eyes closed 
EEG recordings were related in any way, positively or negatively, to predictor values.  
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Table 6.12.  
 
List of Partial Correlations between each EEG Channel and Frequency Wave Recorded During 
Resting State recordings and each Predictor Variable adjusted for Age, Education and Sex.   
 
 No. of 
Years 
of 
Private 
Lesson 
Age 
Started 
Music 
Lessons  
Years 
Worked 
for 
Orchestr
a  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played  
Eyes 
Closed 
Theta F3 
0.119 -0.295 0.263 0.233 -0.007 0.295 
Eyes 
Closed 
Theta F4 
0.236 -0.323 0.019 0.154 -0.183 0.323 
Eyes 
Closed 
Theta O1 
0.203 -0.379 0.021 0.078 -0.182 0.379 
Eyes 
Closed 
Theta O2 
0.249 -0.357 -0.083 0.232 -0.021 0.357 
Eyes 
Closed 
Theta P7 
0.193 -0.431* 
 
-0.002 0.209 0.062 0.431* 
 
Eyes 
Closed 
Theta P8 
0.151 -0.248 0.083 0.152 -0.294 0.248 
 
Eyes 
Closed 
Alpha F3 
-0.202 -0.005 0.286 0.048 -0.147 0.005 
Eyes 
Closed 
Alpha F4  
-0.064 -0.023 0.062 0.084 -0.278 0.023 
Eyes 
Closed 
Alpha O1 
-0.262 -0.011 0.322 0.029 -0.329 0.011 
Eyes 
Closed 
Alpha O2 
-0.232 -0.101 0.360 0.145 -0.329 0.101 
Eyes 
Closed 
Alpha P7 
-0.184 0.025 0.211 0.070 -0.242 -0.025 
Eyes 
Closed 
Alpha P8 
-0.223 0.156 0.249 0.070 -0.408* 
 
-0.156 
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Eyes 
Closed 
Gamma 
F3 
0.139 -0.190 
 
0.374 0.512* 
 
-0.037 0.190 
Eyes 
Closed 
Gamma 
F4 
0.256 -0.302 0.325 0.432 -0.092 0.302 
Eyes 
Closed 
Gamma 
O1 
0 .225 -0.263 0.330 0.436 -0.135 0.263 
Eyes 
Closed 
Gamma 
O2 
0.125 -0.204 0.321 0.330 -0.121 0.204 
Eyes 
Closed 
Gamma 
P7 
0.254 -0.292 0.323 0.416 -0.081 0.292 
Eyes 
Closed 
Gamma 
P8 
0.225 -0.274 0.317 0.414 -0.096 0.274 
 
Eyes 
Closed 
Beta F3 
-0.271 0.231 0.131 -0.111 -0.128 -0.231 
Eyes 
Closed 
Beta F4 
-0.159 0.147 0.044 -0.041 -0.183 -0.147 
Eyes 
Closed 
Beta O1 
-0.082 0.176 0.109 -0.007 -0.267 -0.176 
Eyes 
Closed 
Beta O2 
-0.031 0.126 0.143 0.090 -0.227 -0.126 
Eyes 
Closed 
Beta P7 
-0.191 0.206 0.046 -0.050 -0.146 -0.206 
Eyes 
Closed 
Beta P8 
-0.196 0.224 0.070 -0.050 -0.202 -0.224 
 
 No. of 
Years 
of 
Private 
Lesson 
Age 
Started 
Music 
Lessons  
Years 
Worked 
for 
Orchestr
a  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played  
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Eyes 
Open 
Theta F3 
0.072 0.027 -0.099 -0.008 0.156 -0.027 
Eyes 
Open 
Theta F4 
0.326 -0.157 0.171 0.100 -0.425 0.157 
Eyes 
Open 
Theta O1 
0.211 -0.127 0.070 0.043 -0.093 0.127 
Eyes 
Open 
Theta O2 
0.129 -0.107 -0.214 0.225 0.352 0.107 
Eyes 
Open 
Theta P7 
0.037 -0.143 0.093 0.142 0.338 0.143 
Eyes 
Open 
Theta P8 
0.032 0.048 -0.084 0.014 -0.038 -0.048 
 
Eyes 
Open 
Alpha F3 
0.034 -0.082 0.147 0.110 -0.255 0.082 
Eyes 
Open 
Alpha F4 
0.039 -0.019 0.328 -0.011 -0.568** 
 
0.019 
Eyes 
Open 
Alpha O1 
0.056 0.092 0.442* 
 
0.057 -0.723***  -0.092 
Eyes 
Open 
Alpha O2 
-0.070 -0.043 0.337 0.136 -0.437*  0.043 
Eyes 
Open 
Alpha P7 
-0.268 0.314 0.345 0.022 -0.186 -0.314 
Eyes 
Open 
Alpha P8 
-0.128 0.219 0.149 0.120 -0.311 -0.219 
 
Eyes 
Open 
Gamma 
F3 
-0.222 0.240 0.090 -0.067 -0.137 -0.240 
Eyes 
Open 
Gamma 
F4 
-0.174 0.223 0.109 
 
-0.028 -0.221 -0.223 
Eyes 
Open 
0.029 0.183 0.305 
 
0.148 -0.409 -0.183 
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Gamma 
O1 
Eyes 
Open 
Gamma 
O2 
0.073 0.195 0.232 
 
0.264 -0.264 -.0195 
Eyes 
Open 
Gamma 
P7  
-0.209 0.237 0.087 -0.044 -0.130 -0.237 
Eyes 
Open 
Gamma 
P8 
-0.204 0.241 0.058 
 
-0.060 -0.143 -0.241 
 
Eyes 
Open 
Beta F3 
-0.263 0.266 0.044 -0.093 -0.154 -0.266 
Eyes 
Open 
Beta F4 
-0.137 0.185 0.160 -0.070 -0.303 -0.185 
Eyes 
Open 
Beta O1 
-0.016 0.190 0.344 0.053 -0.522 -0.190 
Eyes 
Open 
Beta O2 
-0.054 0.196 0.240 0.157 -0.346 -.0196 
Eyes 
Open 
Beta P7 
-0.232 0.263 0.111 -0.039 -0.119 -0.263 
Eyes 
Open 
Beta P8 
-0.220 0.274 0.054 -0.080 -0.163 -0.274 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
 
Music Imagine Exercise EEG Recordings.  Recordings taken during the exercise 
musicians were asked to visualize they were playing their instrument were correlated with 
the number of years of private lessons, the age musicians started to play music and the 
years they had played their instrument. The specific signature theta O1 (oscillation in the 
left occipital lobe) was negatively correlated with the age a participant had started to play 
music lessons (r = -.411, p < .05) and positively correlated with the number of years they 
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had played their musical instrument (r = .411, p < .05). Alpha O1 EEG recordings taken 
during the imagine exercise were also similarly, positively correlated with the age 
participants started music lessons (r = .543, p < .01) and negatively associated with the 
number of years they had played their musical instrument (r = -.543, p < .01). Lastly alpha 
O2 signatures were negatively associated with the number of years of private music lessons 
(r = -.4.05, p < .05) the musicians had taken.
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Table 6.13 
 
List of Partial Correlations between each EEG Channel and Frequency Wave Recorded During 
Post-Examination Recording and each Predictor Variable Adjusted for Age, Education and Sex. 
 
 No. of 
Years 
of 
Private 
Lesson 
Age 
Started 
Music 
Lessons  
Years 
Worked 
for 
Orchestra  
Average 
Hours 
of 
Practice  
No. of 
Years 
Retired 
No. of Years 
Played  
Imagine 
Theta F3 
0.233 -0.258 -0.035 0.104 0.162 
 
0.258 
Imagine 
Theta F4 
0.317 -0.236 0.159 0.058 -0.062 0.236 
Imagine 
Theta O1 
0.358 -0.411* 
 
0.074 0.035 -0.163 0.411* 
 
Imagine 
Theta O2 
0.209 -0.243 -0.151 0.038 0.207 0.243 
Imagine 
Theta P7 
0.422 -0.183 0.085 0.304 0.067 0.183 
Imagine 
Theta P8 
0.221 -0.278 -0.040 0.110 0.169 0.270 
 
Imagine 
Alpha F3 
-0.227 0.155 0.158 0.028 -0.162 -0.155 
Imagine 
Alpha F4  
-0.232 0.346 0.192 -0.051 -0.341 -0.346 
Imagine 
Alpha O1 
-0.297 0.543** 
 
0.201 -0.115 -.0275 -0.543** 
 
Imagine 
Alpha O2 
-0.405* 
 
-0.004 0.302 0.018 -0.205 0.004 
Imagine 
Alpha P7 
0.086 0.240 0.285 0.064 -0.085 -0.240 
Imagine 
Alpha P8 
-0.224 0.269 0.217 0.016 -0.222 -0.269 
 
Imagine 
Gamma F3 
-0.218 0.255 0.065 
 
-0.091 -0.141 -0.255 
Imagine 
Gamma F4 
-0.187 0.223 0.085 
 
-0.065 -0.171 -0.225 
Imagine 
Gamma O1 
-0.058 0.223 0.138 
 
0.058 -0.180 -0.223 
Imagine 
Gamma O2 
-0.036 0.208 0.129 
 
0.093 -0.136 -0.208 
Imagine 
Gamma P7 
-0.158 0.236 0.072 
 
-0.021 -0.141 -0.236 
Imagine 
Gamma P8 
-0.196 0.230 0.047 
 
-0.057 -0.132 -0.230 
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Imagine 
Beta F3 
-0.276 0.319 0.088 -0.181 -0.165 -0.319 
Imagine 
Beta F4 
-.0213 0.262 0.090 -0.121 -0.187 -0.262 
Imagine 
Beta O1 
-0.147 0.270 0.124 -0.048 -0.219 -0.270 
Imagine 
Beta O2 
-0.155 0.215 0.125 -0.028 -0.165 -0.215 
Imagine 
Beta P7 
-0.100 0.243 0.106 0.036 -0.152 -0.243 
Imagine 
Beta P8 
-0.210 0.255 0.054 -0.076 -0.145 -0.255 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
 
ANCOVA. ANCOVA analyses were run to examine the relationship between EEG 
recordings and continuous predictor variables, which included the type of instrument a 
participant played based on two classification systems (specific system and the Hornbostel 
classification system) and work status (retired versus currently working).  
Bluegrass task trial one recordings. No theta, alpha, gamma or beta signatures 
taken during Bluegrass task trial one were correlated with categorical predictor values 
calculated through ANCOVA analyses.  
Bluegrass task trial two recordings. The type of instrument a person played on the 
specific scale (not Hornbostel’s classification system) was positively associated with theta 
signatures in the O2 (right occipital) region of the brain (F(3,21) = 5.182, p < .01), alpha O1 
(F(3,21) = 5.475, p < .01), gamma F3 (F(3,21) = 4.089, p < .05) and gamma P8 (F(3,21) = 
3.091, p < .05) recordings taken during Bluegrass working memory task trial two. 
AlphaO1signatures were also strongly positively associated with the type of instrument a 
participant played based of the Hornbostel Sach’s classification (F(2, 22) = 19.808, p < .001). 
Work status (retired or currently working) was not correlated with any EEG signature.
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Table 6.14  
 
F Values for Test of Between-Subjects Effects Using ANCOVA Analysis between EEG Signatures 
During Task A1 and A2 of Bluegrass Working Memory Task and Predictor Variables While 
Controlling for Education, Age and Sex 
 
 Work Status Type of 
Instrument 
Horsbostel Sachs 
Classification  
A1 
Theta F3 
0.282 0.608 
  
0.266 
A1 
Theta F4 
0.717 0.601 0.097 
A1 
Theta O1 
1.054 0.561 0.167 
A1 
Theta O2 
0.542 0.627 0.040 
A1 
Theta P7 
0.400 
 
0.847 0.130 
A1 
Theta P8 
0.008 0.185 0.048 
 
A1 
Alpha F3 
0.023 1.075 0.984 
A1 
Alpha F4  
0.051 0.030 0.018 
A1 
Alpha O1 
0.005 
 
0.213 0.195 
A1 
Alpha O2 
0.000 0.186 0.360 
A1 
Alpha P7 
0.304 0.364 0.183 
A1 
Alpha P8 
0.024 1.264 1.968 
 
 
A1 
Gamma F3 
0.410 1.104 
 
.147 
A1 
Gamma F4 
0.741 1.506 1.320 
A1 
Gamma O1 
0.088 1.029 
 
0.212 
A1 
Gamma O2 
0.056 1.389 0.507 
A1 
Gamma P7 
0.382 2.195 1.857 
A1 
Gamma P8 
0.433 2.250 2.085 
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A1 
Beta F3 
0.000 0.274 0.477 
 
A1 
Beta F4 
0.295 0.439 0.195 
A1 
Beta O1 
0.015 0.115 0.132 
A1 
Beta O2 
0.110 0.303 0.073 
A1 
Beta P7 
0.358 2.122 1.723 
A1 
Beta P8 
0.501 2.360 2.270 
 
 Work Status Type of 
Instrument 
Hornbostel Sachs 
Classification  
 
A2 
Theta F3 
1.103 0.600 0.196 
A2 
Theta F4 
0.771 0.686 0.223 
A2 
Theta O1 
0.424 0.732 0.003 
A2 
Theta O2 
1.053 5.182** 
 
1.224 
A2 
Theta P7 
2.317 0.252 0.345 
A2 
Theta P8 
0.018 0.692 0.149 
 
A2 
Alpha F3 
0.680 0.942 0.242 
A2 
Alpha F4  
0.122 0.166 0.109 
A2 
Alpha O1 
0.919 5.475** 
  
19.808*** 
  
A2 
Alpha O2 
0.227 0.338 0.463 
A2 
Alpha P7 
0.019 0.246 0.848 
A2 
Alpha P8 
1.660 0.491 0.029 
 
A2 
Gamma F3 
0.132 4.089** 
 
0.797 
A2 
Gamma F4 
0.067 2.738 1.571 
A2 
Gamma O1 
0.050 1.362 0.359 
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A2 
Gamma O2 
0.745 
 
1.701 0.776 
A2 
Gamma P7 
0.360 
 
2.407 1.767 
A2 
Gamma P8 
0.055 
 
3.091* 
 
1.589 
 
A2 
Beta F3 
0.517 1.048 0.272 
A2 
Beta F4 
0.174 0.765 0.542 
A2 
Beta O1 
0.016 1.052 0.483 
A2 
Beta O2 
0.713 1.472 1.915 
A2 
Beta P7 
0.455 1.688 1.634 
A2 
Beta P8 
0.258 2.484 2.285 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
A1= Bluegrass working memory task trial one, which was completed with participant’s 
dominant hand. A2 = Bluegrass working memory task trial two, which was completed with 
participants non-dominant hand 
 
Resting state eyes closed EEG recordings. EEG signatures taken during eyes 
closed resting state recordings were positively associated with the type of instrument 
specific scale and the type of instrument a participant played using the Hornbostel Sach’s 
classification system and work status of participants. The type of instrument a participant 
played, using the Hornbostel system, was positively associated with thetaO1(F(2 ,23) = 
4.685 , p < .05), thetaO2(F(2,23) = 5.240, p < .05), theta P7 (F(2, 23) = 8.618, p < .01) during 
resting state eyes closed recordings. The type of instrument a participant played using the 
specific classification system, not the Hornbostel system, was positively associated with 
thetaO2(F(2,23) = 3.205, p < .05), theta P7 (F(2,23) = 6.326, p < .01) EEG recordings. Only 
one EEG signature, alpha P8 recording taken while participant’s eyes were closed at resting 
state was a positively associated with work status (retired or currently working), (F(2,23) = 
4.363, p < .05).  
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Resting State Eyes Open EEG Recordings. Only one EEG signature, alpha O1, was 
correlated with predictor values during Resting state eyes closed recordings analyzed 
through ANCOVA. AlphaO1was positively associated with work status (F(1,24) = 6.114, p < 
.05). 
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Table 6.15 
 
F Values for Test of Between-Subjects Effects Using ANCOVA Analysis between EEG Signatures 
During Eyes Closed and Eyes Open Resting State Recordings and Predictor Variables While 
Controlling for Education, Age and Sex 
 
 
 Work Status Type of 
Instrument 
Hornbostel Sachs 
Classification  
Eyes Closed  
Theta F3 
0.790 1.065 1.144 
Eyes Closed  
Theta F4 
0.575 1.694 3.405* 
 
Eyes Closed  
Theta O1 
0.233 2.577  4.685*  
 
Eyes Closed  
Theta O2 
0.197 3.205*  
 
5.240* 
 
Eyes Closed  
Theta P7 
0.094 6.326** 
 
8.618**  
 
Eyes Closed  
Theta P8 
2.362 2.113 2.072 
 
Eyes Closed  
Alpha F3 
1.409 0.204 0.270 
Eyes Closed  
Alpha F4  
1.640 0.224 0.386 
Eyes Closed  
Alpha O1 
2.987 0.540 0.596 
Eyes Closed  
Alpha O2 
3.356 0.374 0.413 
Eyes Closed  
Alpha P7 
2.763 0.764 0.302 
Eyes Closed  
Alpha P8 
4.363*  
 
0.299 0.375 
 
Eyes Closed  
Gamma F3 
0.308 0.422 0.657 
Eyes Closed  
Gamma F4 
1.179 0.886 1.257 
Eyes Closed  
Gamma O1 
1.541 0.959 1.430 
Eyes Closed  
Gamma O2 
0.594 0.504 0.764 
Eyes Closed  
Gamma P7 
0.879 0.747 1.108 
Eyes Closed  
Gamma P8 
1.054 0.752 1.097 
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Eyes Closed 
Beta F3 
0.849 1.631 0.709 
Eyes Closed 
Beta F4 
1.026 0.986 0.711 
Eyes Closed 
Beta O1 
1.892 0.924 0.593 
Eyes Closed 
Beta O2 
2.083 1.314 0.958 
Eyes Closed 
Beta P7 
0.919 1.483 1.226 
Eyes Closed 
Beta P8 
1.398 1.735 1.790 
 
 Work Status Type of 
Instrument 
Hornbostel Sachs 
Classification  
Eyes Open  
Theta F3 
1.944 1.076 1.174 
Eyes Open  
Theta F4 
0.051 0.160 0.260 
Eyes Open  
Theta O1 
1.748 0.454 0.003 
 
Eyes Open  
Theta O2 
4.096  0.665 0.697 
Eyes Open  
Theta P7 
1.105 0.155 0.008 
Eyes Open  
Theta P8 
0.239 0.619 0.553 
 
Eyes Open  
Alpha F3 
0.000 0.082 0.029 
Eyes Open  
Alpha F4  
0.564 0.255 0.304 
Eyes Open  
Alpha O1 
6.114* 
 
0.295 0.431 
Eyes Open  
Alpha O2 
3.656  0.381 0.571 
Eyes Open  
Alpha P7 
2.499 1.102 1.588 
Eyes Open  
Alpha P8 
2.079 0.106 0.086 
 
Eyes Open  
Gamma F3 
0.786 2.321 2.152 
Eyes Open  
Gamma F4 
1.107 2.469 1.929 
Eyes Open  
Gamma O1 
3.075 2.753 1.943 
Eyes Open  2.629 2.860 1.767 
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Gamma O2 
Eyes Open  
Gamma P7 
0.700 2.497 2.084 
Eyes Open  
Gamma P8 
0.659 2.803 2.529 
 
Eyes Open 
Beta F3 
0.179 3.597*  2.564 
Eyes Open 
Beta F4 
0.283 2.959 2.525 
Eyes Open 
Beta O1 
2.916 1.531 1.720 
Eyes Open 
Beta O2 
2.412 2.236 2.776 
Eyes Open 
Beta P7 
0.667 2.693 2.475 
Eyes Open 
Beta P8 
0.606 3.242*  3.409 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
Music imagine exercise recordings. Work status was not associated with any EEG 
signatures recorded during the music imagine exercise. Type of instrument (specific, not 
Hornbostel classification) that participants played was related with theta 02, (F(3,22) = 
3.596, p < .05), alpha P7 (F(3,22) = 3.681, p < .05), gamma 01, (F(3,22) = 3.077, p < .049) 
and gamma O2, (F(3,22) = 3.079, p < .05) signatures taken during imagine exercise. Alpha 
P7, signatures taken in the left parietal lobe during the imagine exercise were also 
correlated with the type of instrument participants played (F(2,23) = 4.347, p < .05), based 
on the Hornbostel classification system.  
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Table 6.16 
 
F Values for Test of Between-Subjects Effects using ANCOVA Analysis between EEG Signatures 
During Imagine Exercise Recordings and Predictor Variables While Controlling for Education, 
Age and Sex 
 
 
 Work Status Type of 
Instrument 
Hornbostel Sachs 
Classification  
Imagine 
 Theta F3 
0.717 1.658 1.293 
Imagine  
Theta F4 
0.150 1.012 1.276 
Imagine  
Theta O1 
0.306 1.753 1.524 
Imagine  
Theta O2 
1.037 3.596* 
 
2.134 
Imagine  
Theta P7 
0.071 0.646 1.017 
Imagine  
Theta P8 
0.626 2.227 1.969 
 
Imagine  
Alpha F3 
0.329 0.413 0.183 
Imagine  
Alpha F4  
0.814 0.769 0.973 
Imagine  
Alpha O1 
1.110 0.928 0.814 
Imagine  
Alpha O2 
0.413 0.604 0.728 
Imagine  
Alpha P7 
0.023 3.681* 
 
4.347*  
 
Imagine  
Alpha P8 
0.745 0.316 0.253 
 
Imagine 
Gamma F3 
0.724 2.223 1.906 
Imagine 
Gamma F4 
0.974 2.156 2.195 
Imagine 
Gamma O1 
1.202 3.077* 
 
2.435 
Imagine 
Gamma O2 
1.037 3.079* 
 
2.383 
Imagine 
Gamma P7 
0.881 2.590 2.287 
 
Imagine 
Gamma P8 
 
0.705 
 
2.216 
 
2.086 
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Imagine 
Beta F3 
0.464 2.625 2.341 
Imagine 
Beta F4 
0.616 2.322 2.497 
Imagine 
Beta O1 
1.152 2.394 2.444 
Imagine 
Beta O2 
0.813 3.005 2.899 
Imagine 
Beta P7 
1.086 3.031 2.470 
Imagine 
Beta P8 
0.708 2.199 2.204 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
Pearson’s R correlation. Pearson R correlations were completed to examine the 
relationship between participant’s EEG recordings and their scores on neuropsychological 
testing scores.  
Bluegrass task trial one recordings. There was a significant relationship between 
MoCA scores and EEG recordings during trial one of the Bluegrass working memory task in 
the F3 brain region for alpha frequency (r = .3699, n =29, p < .05). MoCA scores were also 
associated with theta F4 alpha frequency (r = .3676, n = 29, p < .05). There was a strong 
positive correlation between MoCA scores and theta F4 frequency (r = .6261, n = 28, p < 
.001), theta o1 frequency (r = .4272, n = 28, p < .05) and thetaO2frequency (r = .5876, n = 
28, p ≤ .001) EEG recordings taken during the Bluegrass working memory task.  
Bluegrass task trial two recordings  
There was a negative relationship between the time it took to complete Trail A 
neuropsychological exam and EEG signature theta P8 recorded during the Bluegrass 
Working Memory Task trial one (r = -.4005, n = 28, p <.05). There was also a negative 
relationship between speed score of Trail B exam and signature theta F4 recorded during 
Bluegrass Working Memory task trial one (r = -.3799, n = 28, p = < .05) and a positive 
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correlation between Trail B test scores and alpha O2 recorded during Bluegrass working 
memory task trial two (r = .4752, n = 27, p = < .05). 
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Table 6.17 
 
Pearson’s R: Potential Relationship between Neuropsychological Exams Scores and EEG Recordings During Bluegrass Working        Memory 
Task Trial one 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff 
%tile 
speed 
Ruff 
%tile 
accuracy  
Total BWMT 
ACC 
Total BWMT 
RT 
 
 
 
A1  
Alpha F3 
.3699* 
 
.112 -0.0056 -0.0448 
 
0.2749 
 
-0.0253 
 
0.1413 
 
0.4779** 
 
A1  
Alpha F4 
0.1081 
 
0.2938 -0.0551 
 0.1164 -0.04691 -0.007628 -0.04665 
 
-0.122 
 
0.1075 -0.1485 
 
0.2563 
 
0.3142 
 
A1 
Alpha O1 
0.1047 
 
0.2493 0.1786 
 
0.0829 
 
0.2169 
 
-0.0352 
 
0.0015 
 
0.3107 
 
A1 
Alpha O2 
0.0797 
 
0.2607 0.3485 
 
-0.0381 
 
0.0388 -0.1822 -0.0784 0.2854 
A1 
Alpha P7 
0.1685 
 
0.0676 0.0322 
 
0.2369 
 
0.1725 
 
-0.3115 
 
-0.1068 
 
-0.3186 
 
A1 
Alpha P8 
0.1041 
 
-0.1519 0.0610 
 
0.1176 
 
0.193 
 
-0.2368 
 
-0.0146 
 
-0.0834 
 
 
A1  
Theta F3 
-0.226 0.2257 0.1676 0.2528 
 
-0.1168 
 
0.0491 
 
-0.29 
 
0.0739 
 
A1 
Theta F4 
-0.0954  0.3006 -0.3799* 
 
0.1299 
 
-0.0307 
 
0.1849 
 
-0.0762 
 
0.1161 
 
A1  
Theta O1 
-0.1486 
 
0.2823 0.1164 0.2089 
 
-0.0440 
 
0.1706 
 
-0.2518 
 
0.1214 
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A1 
Theta O2 
-0.0861 
 
0.1529 -0.0469 
 
0.2054 
 
-0.1077 
 
0.1811 
 
-0.262 
 
0.0602 
 
A1  
Theta P7 
-0.1247 -0.4005* 
 
-0.0076 
 
0.2584 -0.0627 
 
0.0972 
 
-0.3026 
 
-0.0743 
 
A1 
Theta P8 
-0.0781 
 
-0.4005* 
 
-0.0467 
 
0.4532* 
 
0.2084 
 
-0.0171 
 
-0.3331 
 
-0.2291 
 
 
A1 
Gamma F3 
0.2101 
 
0.0999 
 
-0.0927 
 
0.1288 
 
0.1042 
 
0.1461 
 
0.0787 
 
0.1903 
 
A1 
Gamma F4 
0.0325 
 
0.152 
 
-0.1971 
 
-0.3175 
 
-0.1788 
 
0.177 
 
0.3344 
 
-0.0231 
 
A1 
Gamma O1 
-0.0118 
 
0.0599 
 
-0.0375 
 
-0.0776 
 
-0.0569 
 
0.1199 
 
0.0409 
 
-0.0030 
 
A1 
Gamma O2 
-0.0873 
 
0.0264 
 
-0.0284 
 
-0.16 
 
-0.2202 
 
0.0934 
 
0.0238 
 
-0.0741 
 
A1 
Gamma P7 
-0.0401 
 
0.0535 
 
-0.0668 
 
-0.2843 
 
-0.2869 
 
0.0465 
 
0.1079 
 
-0.1417 
 
A1 
Gamma P8 
-0.0350 
 
0.0390 
 
-0.0792 
 
-0.3004 
 
-0.2761 
 
0.0908 
 
0.1312 
 
-0.1126 
 
 
A1 
Beta F3 
0.1242 
 
0.3396 
 
-0.0075 
 
-0.2478 
 
-0.156 
 
0.0420 
 
0.121 
 
0.3502 
 
A1 
Beta F4 
0.0899 
 
0.3102 
 
-0.177 
 
-
0.4267* 
 
-0.1771 
 
0.0547 
 
0.3348 
 
0.2321 
 
A1 
Beta O1 
0.0338 
 
0.2936 
 
0.0540 
 
-0.194 
 
-0.1278 
 
0.123 
 
0.0839 
 
0.2892 
 
A1 
Beta O2 
0.0636 
 
0.2378 
 
0.0565 
 
-0.2631 
 
-0.1657 
 
0.0798 
 
0.0552 
 
0.2253 
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A1 
Beta P7 
-0.0085 
 
0.0573 
 
-0.0674 
 
-0.2549 
 
-0.2599 
 
0.0189 
 
0.0895 
 
-0.1549 
 
A1 
Beta P8 
-0.0054 
 
0.0428 
 
-0.0857 
 
-0.3218 
 
-0.2633 
 
0.0644 
 
0.1372 
 
-0.0875 
 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
A1= Bluegrass working memory task trial one, which was completed with participant’s dominant hand. A2 = Bluegrass working 
memory task trial two, which was completed with participants non-dominant hand. 
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Table 6.18 
 
Pearson’s R: Potential Relationship between Neuropsychological Exams Scores and EEG Recordings Taken during Bluegrass Working Memory 
Task Trial two  
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff 
%tile 
speed 
Ruff 
%tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
 
 
 
A2 
Alpha F3 
0.3458 
 
-0.0208 -0.0759 
 
-0.0259 
 
0.3093 
 
-0.2491 
 
0.1984 
 
0.1712 
 
A2 
Alpha F4 
0.3563 
 
-0.0883 0.1145 
 
0.0374 
 
0.2055 
 
-0.2798 
 
0.0963 
 
0.0604 
 
A2  
Alpha O1 
0.0702 
 
-0.1323 0.0197 
 
0.0185 
 
0.289 
 
-0.154 
 
0.0746 
 
0.1038 
 
A2 
Alpha O2 
0.1381 
 
0.0094 0.4752* 
 
0.0957 
 
0.232 
 
-0.3209 
 
-0.2506 
 
0.1085 
 
A2  
Alpha P7 
0.1893 
 
-0.0538 0.0127 
 
0.2405 
 
0.3345 
 
-0.2964 
 
-0.2249 
 
-0.1829 
 
A2 
Alpha P8 
0.0903 
 
0.0342 0.368 
 
0.2109 
 
0.2698 
 
-0.0167 
 
-0.2734 
 
0.0575 
 
 
A2  
Theta F3 
0.0605 
 
-0.0233 -0.0033 
 
0.0379 
 
0.1297 
 
0.0629 
 
0.0000 
 
0.0041 
 
A2  
Theta F4  
0.6261*** 
 
0.0680 -0.1952 
 
0.1178 
 
0.2436 
 
0.0058 
 
0.0600 
 
-0.0520 
 
A2  
Theta 01 
0.4272* 0.0102 -0.0097 
 
0.0712 
 
0.298 
 
-0.1884 
 
-0.0050 
 
0.1237 
 
A2  
Theta 02 
0.5876** 
 
0.0766 -0.114 
 
0.1471 
 
0.398* 
 
-0.213 
 
0.0066 
 
0.1643 
 
A2 0.0672 -0.0538 0.0063 0.2209 0.0523 0.0373 -0.3352 -0.0604 
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Theta P7        
A2 
Theta P8 
0.1669 
 
-0.2077 -0.0069 
 
0.3975* 0.3117 
 
-0.447* 
 
-0.212 
 
-0.4181* 
 
 
A2 
Gamma 
F3 
-0.0509 
 
0.0276 
 
-0.1048 -0.0258 
 
-0.1394 
 
0.1757 
 
0.0203 
 
-0.1575 
 
A2 
Gamma 
F4 
0.0627 
 
-0.0668 
 
-0.1631 
 
-0.1952 
 
-0.2191 
 
0.3427 
 
0.1796 
 
-0.1736 
 
A2 
Gamma 
O1 
-0.0283 
 
-0.1172 
 
-0.1311 
 
0.0595 
 
-0.0567 
 
0.2074 
 
-0.1001 
 
-0.0672 
 
A2 
Gamma 
O2 
-0.1888 
 
-0.1412 
 
-0.0447 
 
0.0634 
 
-0.1982 
 
0.2706 
 
-0.2108 
 
-0.1216 
 
A2 
Gamma 
P7 
-0.0798 
 
0.0076 
 
-0.0515 
 
-0.291 
 
-0.3272 
 
0.1518 
 
0.0416 
 
-0.1889 
 
A2 
Gamma 
P8 
-0.0857 
 
-0.0685 
 
-0.115 
 
-0.1642 
 
-0.2071 
 
0.1462 
 
0.0462 
 
-0.2617 
 
 
A2 
Beta F3 
0.2677 
 
0.112 
 
-0.1491 
 
0.0016 
 
0.1295 
 
-0.1217 
 
0.0096 
 
0.0147 
 
A2 
Beta F4 
0.357 
 
-0.0958 
 
-0.1151 
 
-0.2625 
 
-0.0394 
 
-0.0494 
 
0.1133 
 
-0.0036 
 
A2 
Beta O1 
0.2469 
 
-0.1176 
 
-0.1062 
 
0.0297 
 
0.0943 
 
0.0807 
 
-0.0624 
 
0.0817 
 
A2 
Beta O2 
0.1341 
 
-0.1232 
 
0.0036 
 
-0.0874 
 
0.0026 
 
0.0595 
 
-0.2201 
 
0.0325 
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A2 
Beta P7 
0.0391 
 
0.0046 
 
-0.0394 
 
-0.2973 
 
-0.2573 
 
0.0761 
 
0.0348 
 
-0.1324 
 
A2 
Beta P8 
0.0184 
 
-0.0350 
 
-0.0938 
 
-0.2535 
 
-0.217 
 
0.0076 
 
0.0854 
 
-0.174 
 
 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
 
A1= Bluegrass working memory task trial one, which was completed with participant’s dominant hand. A2 = Bluegrass working 
memory task trial two, which was completed with participants non-dominant hand.
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Figures 6.6-6.7.   
 
Relationship Between EEG Recordings and Cognitive Testing Scores  
 
6.6.       6.7. 
  
 
 
Note. Right occipital theta signatures (Figure 6.6) and right frontal theta signatures (Figure 
6.7) recorded during Bluegrass working memory task trial two significantly correlated with 
MoCA scores. 
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Table 6.19 
 
Pearson’s R: Potential Relationship between Neuropsychological Exams Scores and EEG Recordings Taken During Eyes Closed and Eyes Open  
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
 
 
 
Eyes 
Closed  
Alpha F3 
-0.0547 -0.0925 0.0064 
 
0.2602 
 
0.261 
 
-0.3527 
 
0.2546 
 
0.0957 
 
Eyes 
Closed 
Alpha F4 
0.2012 -0.0160 -0.1783 
 
0.3386 
 
0.3192 
 
-0.2096 
 
0.21 
 
0.1245 
 
Eyes 
Closed  
Alpha O1 
-0.0602 0.1564 -0.1045 
 
0.3247 
 
0.363 
 
-0.0796 
 
0.2153 
 
0.0729 
 
Eyes 
Closed 
Alpha O2 
-0.1274 0.2319 -0.0107 
 
0.2276 
 
0.2068 
 
-0.1325 
 
0.1549 
 
0.142 
 
Eyes 
Closed 
Alpha P7 
0.0631 0.269 0.1852 
 
0.2761 
 
0.2274 
 
-0.0152 
 
0.0537 
 
0.1471 
 
Eyes 
Closed  
Alpha P8 
-0.1499 0.2692 0.0289 
 
-0.0450 
 
-0.0705 
 
-0.0393 
 
0.2447 
 
0.2534 
 
 
Eyes 
Closed  
Theta F3 
0.2417 -0.1637 0.1691 
 
0.2602 
 
0.3252 
 
-0.2513 
 
0.1699 
 
0.0245 
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Eyes 
Closed 
Theta F4 
0.3676 
 
-0.0497 -0.1305 
 
0.3386 
 
0.4746** 
 
-0.165 
 
0.0646 
 
-0.102 
 
Eyes 
Closed  
Theta O1 
0.325 .0058 -0.0578 
 
0.3247 
 
0.3985* 
 
-0.136 
 
0.0600 
 
-0.112 
 
Eyes 
Closed 
Theta O2 
0.2393 -0.0018 -0.0883 
 
0.2276 
 
0.3488 
 
-0.2448 
 
0.1191 
 
-0.0156 
 
Eyes 
Closed 
Theta P7 
0.2422 -0.0411 0.0609 
 
0.2761 
 
0.3436 
 
-0.2115 
 
-0.0081 
 
-0.0407 
 
Eyes 
Closed  
Theta P8 
0.1251 0.2556 -0.0294 
 
-0.0450 
 
0.1053 
 
-0.0186 
 
0.1873 
 
0.1509 
 
 
Eyes 
Closed 
Gamma F3 
-0.1327 
 
0.0589 
 
0.0076 
 
-0.1636 
 
-0.3073 
 
0.0021 
 
0.1327 
 
-0.209 
 
Eyes 
Closed 
Gamma F4 
-0.0004 
 
0.0668 
  
-0.1488 
 
-0.2666 
 
-0.2358 
 
0.1207 
 
0.1907 
 
-0.1068 
 
Eyes 
Closed 
Gamma 
O1 
-0.0508 
 
0.0752 
 
-0.1722 
 
-0.192 
 
-0.2573 
 
0.1751 
 
0.1113 
 
-0.1301 
 
Eyes 
Closed 
Gamma 
O2 
-0.0892 
 
0.1157 
 
-0.1552 
 
-0.2538 
 
-0.3378 
 
0.1525 
 
0.0986 
 
-0.0510 
 
Eyes 
Closed 
Gamma P7 
-0.0522 
 
0.0918 
 
-0.0965 
 
-0.323 
 
-0.3198 
 
0.1328 
 
0.1561 
 
-0.0859 
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Eyes 
Closed 
Gamma P8 
-0.0510 
 
0.0892 
 
-0.0636 
 
-0.334 
 
-0.3219 
 
0.1309 
 
0.1385 
 
-0.0780 
 
 
Eyes 
Closed 
Beta F3 
-0.0770 
 
0.0298 
 
-0.0184 
 
-0.1714 
 
-0.2367 
 
-0.1819 
 
0.1598 
 
-0.1428 
 
Eyes 
Closed 
Beta F4 
0.0616 
 
0.0712 
 
-0.1759 
 
-0.2795 
 
-0.1711 
 
0.0454 
 
0.1945 
 
-0.0358 
 
Eyes 
Closed 
Beta O1 
0.0588 
 
0.1039 
 
-0.2158 
 
-0.1822 
 
-0.1393 
 
0.1223 
 
0.2093 
 
-0.1142 
 
Eyes 
Closed 
Beta O2 
-0.0093 
 
0.1257 
 
-0.1402 
 
-0.2977 
 
-0.2468 
 
0.0611 
 
0.1558 
 
-0.0300 
 
Eyes 
Closed 
Beta P7 
-0.0284 
 
0.1024 
 
-0.1094 
 
-0.3243 
 
-0.3027 
 
0.1202 
 
0.1748 
 
-0.0697 
 
Eyes 
Closed 
Beta P8 
-0.0247 
 
0.111 
 
-0.0665 
 
-0.3563 
 
-0.3075 
 
0.1192 
 
0.1569 
 
-0.0435 
 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
 
 
 
Eyes Open  
Alpha F3 
-0.0849 0.1426 0.0969 
 
-0.0263 
 
0.0747 
 
-0.1806 
 
-0.0195 
 
0.2708 
 
Eyes Open  
Alpha F4 
0.1049 0.1274 0.1416 
 
-0.1114 
 
0.0915 
 
-0.0453 
 
0.0009 
 
0.287 
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Eyes Open  
Alpha O1 
-0.0434 
 
0.3579 
 
0.0574 
 
-0.268 
 
-0.0836 
 
0.1466 
 
0.1298 
 
0.2496 
 
Eyes Open  
Alpha O2 
-0.1145 
 
0.2997 
 
0.2371 
 
-0.306 
 
-0.1529 
 
-0.0311 
 
-0.0212 
 
0.3184 
 
Eyes Open  
Alpha P7 
-0.3315 0.2071 0.121 
 
-0.3113 
 
-0.3833* 
 
0.0161 
 
0.0585 
 
0.1711 
 
Eyes Open 
Alpha P8 
0.6092 0.1313 0.0562 
 
-0.1207 
 
-0.0707 
 
-0.0531 
 
0.0433 
 
0.2635 
 
 
Eyes Open 
Theta F3 
-0.2837 
 
0.0167 0.1679 
 
0.4559* 
 
0.0717 
 
-0.2356 
 
-0.3032 
 
-0.1482 
 
Eyes Open  
Theta F4 
-0.0169 0.0887 0.0978 
 
0.3758* 
 
0.2994 
 
0.0102 
 
-0.2286 
 
0.0569 
 
Eyes Open  
Theta O1 
-0.0537 -0.0951 0.1247 
 
0.4432* 
 
0.3095 
 
-0.0561 
 
-0.312 
 
-0.0936 
 
Eyes Open  
Theta O2 
-0.0687 -0.2035 0.0815 
 
0.4981** 
 
0.3155 
 
-0.1831 
 
-0.272 
 
-0.0542 
 
Eyes Open  
Theta P7 
-0.0916 -0.223 0.1262 
 
0.246 
 
0.1679 
 
-0.096 
 
-0.2357 
 
0.0646 
 
Eyes Open  
Theta P8 
-0.1311 -0.2154 -0.0173 
 
0.3163 
 
0.2349 
 
-0.1561 
 
-0.1699 
 
-0.2815 
 
 
Eyes Open 
Gamma F3 
-0.0666 
 
0.0698 
 
-0.0528 
 
-0.3088 
 
-0.3178 
 
0.1162 
 
0.1256 
 
-0.0975 
 
Eyes Open 
Gamma F4 
-0.0695 
 
0.0511 
 
-0.0638 
 
-0.2524 
 
-0.26 
 
0.1289 
 
0.1439 
 
-0.1042 
 
Eyes Open 
Gamma 
O1 
-0.2175 
 
0.2003 
 
-0.0337 
 
-0.2614 
 
-0.327 
 
0.2487 
 
0.0977 
 
-0.0366 
 
Eyes Open 
Gamma 
O2 
-0.2198 
 
0.136 -0.0586 
 
-0.2344 
 
-0.3592 
 
0.2374 
 
0.0629 
 
-0.0435 
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Eyes Open 
Gamma P7 
-0.1168 
 
0.0675 
 
-0.0484 
 
-0.3152 
 
-0.3389 
 
0.1101 
 
0.1349 
 
-0.1096 
 
Eyes Open 
Gamma P8 
-0.0743 
 
0.0312 
 
-0.0665 
 
-0.2914 
 
-0.2988 
 
0.1031 
 
0.1195 
 
-0.138 
 
 
Eyes Open 
Beta F3 
-0.1686 
 
0.1169 
 
-0.0048 
 
-0.2979 
 
-0.3459 
 
-0.0153 
 
0.0505 
 
-0.0319 
 
Eyes Open 
Beta F4 
-0.0857 
 
0.0709 
 
-0.0108 
 
-0.2509 
 
-0.1771 
 
0.0179 
 
0.0206 
 
0.0791 
 
Eyes Open 
Beta O1 
-0.1399 
 
0.278 
 
-0.0077 
 
-0.3226 
 
-0.2394 
 
0.2095 
 
0.1115 
 
0.1134 
 
Eyes Open 
Beta O2 
-0.1536 
 
0.2034 
 
-0.0211 
 
-0.3688 
 
-0.2985 
 
0.1737 
 
0.0428 
 
0.177 
 
Eyes Open 
Beta P7 
-0.1564 
 
0.0864 
 
-0.0215 
 
-0.3354 
 
-0.3619 
 
0.0866 
 
0.105 
 
-0.0525 
 
Eyes Open 
Beta P8 
-0.0677 
 
0.0009 
 
-0.0745 
 
-0.2821 
 
-0.2639 
 
0.0776 
 
0.0961 
 
-0.1311 
 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
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Relationship between EEG Recordings and Cognitive Testing Scores  
 
 
6.8.       6.9.
 
 
 
 
Note. Right frontal theta signatures 
recorded during resting state eyes closed 
condition significantly correlated with 
Ruff 2 & 7 percentile speed scores.  
 
Note. Right posterior theta signatures 
recorded during resting state eyes open 
condition significantly correlated with 
Digit Symbol scores. 
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Table 6.20 
 
Pearson’s R: Potential Relationship between Neuropsychological Exams Scores and EEG Recordings Taken During Music Imagine Exercise  
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT 
ACC 
Total 
BWMT 
RT 
 
 
 
Imagine  
Alpha F3 
-0.1372 -0.0816 -0.0609 
 
0.0266 
 
0.2346 
 
-0.1934 
 
0.1944 
 
0.2086 
 
Imagine  
Alpha F4 
-0.0066 0.0283 0.1221 
 
-0.0234 
 
0.122 
 
-0.1393 
 
0.2225 
 
0.1949 
 
Imagine  
Alpha O1 
-0.0034 0.0283 -0.1099 
 
0.1739 
 
0.2644 
 
0.0769 
 
0.2525 
 
0.1446 
 
Imagine  
Alpha O2 
-0.2562 0.0918 0.279 
 
0.0238 
 
0.1605 
 
-0.1606 
 
-0.0069 
 
0.0612 
 
Imagine  
Alpha P7 
-0.2109 0.1931 0.1808 
 
0.1711 
 
-0.1641 
 
0.0731 
 
-0.1951 
 
-0.0355 
 
Imagine  
Alpha P8 
-0.1603 -0.0514 0.1194 
 
-0.0310 
 
0.1058 
 
-0.1073 
 
0.1153 0.0926 
 
 
Imagine  
Theta F3 
0.0337 -0.0862 0.0472 
 
0.2636 
 
0.3064 -0.1034 
 
-0.1057 0.1263 
 
Imagine  
Theta F4 
-0.0245 -0.0438 0.1194 
 
0.2734 
 
0.2899 
 
-0.0786 
 
-0.1038 
 
-0.0492 
 
Imagine  
Theta O1 
0.0405 0.0199 0.1213 
 
0.321 
 
0.4297* 
 
-0.0810 
 
-0.1319 
 
0.0077 
 
Imagine  
Theta O2 
0.1488 -0.0883 0.0130 
 
0.3643 0.3932* 
 
-0.1371 
 
-0.1487 
 
0.0963 
 
Imagine  -0.0538 -0.0508 -0.0482 0.3123 0.1524 -0.0009 -0.1526 0.0622 
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Theta P7       
Imagine 
Theta P8 
0.0182 -0.0558 0.0592 0.3042 
 
0.3042 
 
-0.1505 
 
-0.1339 
 
0.0959 
 
 
Imagine 
Gamma F3 
-0.0976 
 
0.0758 
 
-0.0620 
 
-0.3017 
 
-0.3186 
 
0.132 
 
0.107 
 
-0.1183 
 
Imagine 
Gamma F4 
-0.0389 
 
0.0709 
 
-0.0644 -0.3256 
 
-0.2992 
 
0.1611 
 
0.1286 
 
-0.0813 
 
Imagine 
Gamma O1 
-0.0898 
 
0.0612 
 
-0.0628 
 
-0.2555 
 
-0.3249 
 
0.1907 
 
0.0454 
 
-0.0939 
 
Imagine 
Gamma O2 
-0.0945 
 
0.0389 
 
-0.0445 
 
-0.2339 
 
-0.3221 
 
0.186 
 
0.0048 
 
-0.0925 
 
Imagine 
Gamma P7 
-0.0762 
 
0.0721 
 
-0.0674 
 
-0.3002 
 
-0.3331 
 
0.1534 
 
0.0883 
 
-0.0923 
 
Imagine 
Gamma P8 
-0.0460 
 
0.0565 
 
-0.0591 
 
-0.2967 
 
-0.297 
 
0.1344 
 
0.1107 
 
-0.0935 
 
 
Imagine 
Beta F3 
-0.0871 
 
0.0686 
 
-0.0886 
 
-0.3673 
 
-0.2956 
 
0.0632 
 
0.1019 
 
-0.0586 
 
Imagine 
Beta F4 
-0.0216 
 
0.0695 
 
-0.0508 
 
-0.3768 
 
-0.2885 
 
0.1095 
 
0.1301 
 
-0.0505 
 
Imagine 
Beta O1 
-0.0348 
 
0.0685 
 
-0.0777 
 
-0.2907 
 
-0.2719 
 
0.1598 
 
0.1122 
 
-0.0736 
 
Imagine 
Beta O2 
-0.0605 
 
0.0465 
 
0.0004 
 
-0.292 
 
-0.2791 
 
0.1245 
 
0.0155 
 
-0.0803 
 
Imagine 
Beta P7 
-0.0934 
 
0.0739 
 
-0.0693 
 
-0.2832 
 
-0.35 
 
0.172 
 
0.0583 
 
-0.0872 
 
Imagine 
Beta P8 
-0.0340 
 
0.0572 
 
-0.0545 
 
-0.3141 
 
-0.2907 
 
0.1215 
 
0.1221 
 
-0.0831 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001. 
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Table 6.21 
 
Pearson R: Potential Relationship between Bluegrass Working Memory Task Trials and EEG Signatures  
 
 
 BWMT Match 
RT A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match 
RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
A1  
Alpha F3 
0.4013* 
 
0.5064** 
 
0.4605* 
 
0.3078 
 
-0.0197 
 
0.1323 
 
0.1467 
 
0.2609 
 
A1  
Alpha F4 
0.3517 
 
0.3153 
 
0.2223 
 
0.2655 
 
0.0224 
 
0.0534 
 
0.3448 
 
0.2992 
 
A1  
Alpha O1 
0.2424 
 
0.4242* 
 
0.1726 
 
0.2531 
 
-0.1262 
 
-0.1436 
 
0.1312 
 
0.2102 
 
A1  
Alpha O2 
0.1562 
 
0.3625 
 
0.1816 
 
0.2972 
 
-0.2497 
 
-0.0464 
 
0.191 
 
0.2193 
 
A1  
Alpha P7 
-0.3985* 
 
-0.1709 
 
-0.3912* 
 
-0.1485 
 
-0.1191 
 
-0.4063* 
 
0.2755 
 
0.2581 
 
A1  
Alpha P8 
-0.0859 
 
-0.1622 
 
-0.1396 
 
0.1095 
 
-0.0967 
 
-0.0844 
 
0.1838 
 
0.112 
 
 
A1  
Theta F3 
0.2128 
 
-0.0243 
 
0.1468 
 
-0.0942 
 
-0.0451 
 
0.1296 
 
-0.5734** 
 
-0.6395*** 
 
A1  
Theta F4 
0.2715 
 
-0.0782 
 
0.1835 
 
0.0684 
 
0.2039 
 
0.0932 
 
-0.4237* 
 
-
0.6732**** 
 
A1  
Theta O1 
0.2494 
 
-0.088 
 
0.2279 
 
0.0283 
 
0.0221 
 
0.1265 
 
-0.5874*** 
 
-
0.6636**** 
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A1  
Theta O2 
0.1691 
 
-0.1235 
 
0.1798 
 
-0.0215 
 
0.0952 
 
0.1243 
 
-0.6098*** 
 
-
0.7542**** 
 
A1  
Theta P7 
0.0516 
 
-0.236 
 
0.0731 
 
-0.1638 
 
0.0622 
 
0.0995 
 
-0.5594** 
 
-
0.7655**** 
 
A1  
Theta P8 
-0.0756 
 
-0.3262 
 
-0.1247 
 
-0.2953 
 
0.0723 
 
0.0451 
 
-0.5087** 
 
-
0.6939**** 
 
 
A1 
Gamma F3 
0.2602 
 
0.2253 
 
0.1351 
 
0.0563 
 
0.0521 
 
-0.2592 
 
0.0034 
 
0.0749 
 
A1 
Gamma F4 
-0.0435 
 
-0.136 
 
-0.0383 
 
0.1895 
 
0.1934 
 
-0.1905 
 
0.0937 
 
0.3152 
 
A1 
Gamma O1 
-0.0458 
 
0.0108 
 
-0.0441 
 
0.0956 
 
0.1314 
 
-0.4116* 
 
0.0996 
 
0.0481 
 
A1 
Gamma O2 
-0.1305 
 
-0.1546 
 
-0.0923 
 
0.1515 
 
0.1155 
 
-0.3256 
 
0.0677 
 
-0.0186 
 
A1 
Gamma P7 
-0.1817 
 
-0.2858 
 
-0.1056 
 
0.1032 
 
0.0855 
 
-0.2236 
 
-0.22 
 
0.1183 
 
A1 
Gamma P8 
-0.1369 
 
-0.2718 
 
-0.0526 
 
0.0892 
 
0.1118 
 
-0.1829 
 
-0.1314 
 
0.1084 
 
 
A1 
Beta F3 
0.3194 
 
0.1922 
 
0.3635 
 
0.2104 
 
-0.0010 
 
-0.155 
 
0.14 
 
0.157 
 
A1 
Beta F4 
0.2276 
 
-0.2873 
 
0.2213 
 
0.2992 
 
0.1000 
 
-0.1525 
 
0.3592 
 
0.337 
 
A1 
Beta O1 
0.2122 
 
-0.2651 
 
0.2209 
 
0.2739 
 
-0.0040 
 
-0.2104 
 
0.0886 
 
0.133 
 
A1 
Beta O2 
0.1249 
 
-0.0584 
 
0.1835 
 
0.3117 
 
-0.0304 
 
-0.2266 
 
0.0906 
 
0.1566 
 
A1 -0.1982 -0.1069 -0.117 0.0841 0.0692 -0.2416 0.1264 0.1455 
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Beta P7         
A1 
Beta P8 
-0.1069 
 
-0.0627 
 
-0.0239 
 
0.1118 
 
0.0895 
 
-0.1737 
 
0.1366 
 
0.1379 
 
 
 BWMT Match 
RT A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match 
RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
A2 
Alpha F3 
0.1376 
 
0.2168 
 
0.0819 
 
0.1694 
 
-0.0541 
 
-0.1217 
 
0.4578* 
 
0.4036* 
 
A2 
Alpha F4 
0.0865 
 
0.0338 
 
0.0908 
 
-0.0284 
 
-0.1348 
 
-0.1882 
 
0.3763* 
 
0.3573 
 
A2 
Alpha O1 
0.1426 
 
0.0590 
 
0.0597 
 
0.1017 
 
0.0023 
 
-0.0004 0.1628 
 
0.0538 
 
A2 
Alpha O2 
0.0388 
 
0.0408 
 
0.1101 
 
0.1489 
 
-0.3612 
 
-0.1979 
 
0.1486 
 
0.1346 
 
A2 
Alpha P7 
-0.1454 
 
-0.2089 
 
-0.0631 
 
-0.2574 
 
-0.0224 
 
-0.0196 
 
-0.0252 
 
-0.0849 
 
A2  
Alpha P8 
-0.0407 
 
0.1454 
 
-0.1382 
 
0.2461 
 
-0.3932* 
 
-0.3264 
 
0.2167 
 
-0.1004 
 
 
A2  
Theta F3 
0.0726 
 
0.149 
 
-0.2234 
 
0.2435 
 
-0.1134 
 
-0.2688 
 
0.2563 
 
0.0286 
 
A2  
Theta F4 
-0.0497 
 
0.0576 
 
-0.0949 
 
-0.0972 
 
-0.1114 
 
-0.1417 
 
0.4194* 
 
0.3521 
 
A2  
Theta O1 
-0.0698 
 
0.0404 
 
0.2274 
 
-0.1224 
 
-0.0427 
 
-0.1758 
 
0.1435 
 
0.2787 
 
A2  
Theta O2 
0.0441 
 
0.301 
 
0.0146 
 
0.0972 
 
-0.0583 
 
-0.0125 
 
0.4242* 
 
0.3048 
 
A2  
Theta P7 
0.0011 
 
-0.1572 
 
0.01525 
 
-0.1027 
 
-0.0127 
 
-0.1919 
 
-0.2974 
 
-
0.7136**** 
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A2  
Theta P8 
0.2417 
 
-0.3 
 
-0.4662* 
 
-0.4345* 
 
-0.0610 
 
-0.2789 
 
0.1758 
 
-0.0460 
 
 
A2 
Gamma F3 
-0.0694 
 
-0.2814 
 
0.0122 
 
-0.2186 
 
0.207 
 
-0.2688 
 
-0.1235 
 
-0.2088 
 
A2 
Gamma F4 
-0.1516 
 
-0.3093 
 
0.0036 
 
-0.1426 0.2054 
 
-0.1417 0.2095 -0.0838 
A2 
Gamma O1 
0.0784 
 
-0.2207 
 
0.144 
 
-0.2612 
 
0.244 
 
-0.1758 
 
-0.3106 
 
-0.4517* 
 
A2 
Gamma O2 
0.0007 
 
-0.3865 
 
0.0771 
 
-0.122 
 
0.1431 
 
-0.0125 
 
-0.5109** 
 
-0.6746*** 
 
A2 
Gamma P7 
-0.2085 
 
-0.3661 
 
-0.0631 
 
-0.0034 
 
0.0713 
 
-0.1919 
 
0.0572 
 
0.0050 
 
A2  
Gamma P8 
-0.1908 
 
-0.432 
 
-0.1264 
 
-0.1488 
 
0.1642 
 
-0.2789 
 
0.0172 
 
-0.1207 
 
 
A2 
Beta F3 
0.0972 
 
-0.2535 
 
0.1702 
 
-0.1799 
 
0.1104 
 
-0.3269 
 
0.0963 
 
0.0074 
 
A2 
Beta F4 
0.0362 
 
-0.2869 
 
0.1677 
 
-0.1298 
 
0.0079 
 
-0.2425 
 
0.4716* 
 
0.165 
 
A2 
Beta O1 
0.2003 
 
-0.3639 
 
0.2445 
 
-0.129 
 
0.1369 
 
-0.2882 
 
-0.0126 
 
-0.2142 
 
A2 
Beta O2 
0.107 
 
-0.3005 
 
0.2467 
 
-0.0172 
 
-0.0056 
 
-0.2184 
 
-0.1668 
 
-0.3485 
 
A2 
Beta P7 
-0.1771 
 
-0.2392 
 
-0.0189 
 
0.0308 
 
0.0228 
 
-0.2117 
 
0.1546 
 
0.0843 
 
A2 
Beta P8 
-0.1416 
 
-0.3123 
 
-0.0523 
 
-0.0354 
 
0.0895 
 
-0.2122 
 
0.116 
 
0.0800 
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 BWMT Match 
RT A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match 
RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
 Eyes 
Closed  
Alpha F3 
0.1523 0.0762 0.0030 0.0918 0.2507 0.4989** -0.2513 0.2293 
Eyes Closed  
Alpha F4 
0.1888 
 
-0.0552 
 
0.1087 
 
0.1967 
 
0.2115 
 
0.4259* 
 
-0.2518 
 
0.2566 
 
Eyes Closed  
Alpha O1 
0.1109 
 
0.0400 
 
-0.1065 
 
0.2397 
 
0.2127 
 
0.3012 
 
0.0057 
 
0.1673 
 
Eyes Closed 
Alpha O2 
0.1221 
 
0.0572 
 
-0.0438 
 
0.3932* 
 
0.1544 
 
0.2615 
 
-0.0261 
 
0.1623 
 
Eyes Closed 
Alpha P7 
0.13 
 
0.1323 
 
-0.0298 
 
0.2863 
 
-0.0527 
 
0.3791* 
 
0.0295 
 
0.2326 
 
Eyes Closed  
Alpha P8 
0.2222 
 
0.1111 0.1388 
 
0.4465* 
 
0.0294 0.4296* 
 
0.0506 
 
0.2095 
 
 
Eyes Closed  
Theta F3 
0.0726 
 
0.0959 
 
-0.0136 
 
-0.1345 
 
0.1393 
 
0.5113** 
 
-0.1563 
 
0.2264 
 
Eyes Closed  
Theta F4 
-0.0497 
 
-0.1242 
 
-0.1847 
 
-0.0188 
 
0.1179 
 
0.2717 
 
-0.1321 
 
0.1493 
 
Eyes Closed  
Theta O1 
-0.0697 
 
-0.0664 
 
-0.2156 
 
-0.0659 0.0881 0.2696 -0.1018 
 
0.2117 
Eyes Closed  
Theta O2 
0.0441 
 
0.0261 
 
-0.1544 
 
0.0162 0.1615 0.2947 
 
-0.0594 0.2119 
 
Eyes Closed  
Theta P7 
0.0011 
 
0.0264 
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Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001. A1= Bluegrass working memory task  
 trial one, which was completed with participant’s dominant hand. A2 = Bluegrass working memory task trial two, which was 
 completed with participants nondominant hand.
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Figures 6.10-6.12.   
 
Relationship between EEG Recordings and Bluegrass Non-Match Trial Accuracy Scores  
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Note. Left and right frontal (Figure 6.10), occipital (Figure 6.11) and parietal (Figure 6.12) 
theta signatures recorded during Bluegrass working memory task trial one significantly, 
inversely correlated with non-match accuracy scores of Bluegrass task trial two scores, p ≤ 
.001 
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Figures 6.13-6.14. 
 
Relationship between EEG Recordings and Bluegrass Match Accuracy Scores  
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Note. Left frontal alpha (Figure 6.13) and left parietal theta (Figure 6.14) signatures   
recorded during resting state, eyes closed condition significantly, positively correlated with 
match accuracy scores of Bluegrass task trial two scores, p ≤ .01 
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Chapter Seven: Discussion 
 The current research aimed to answer two key questions; are the key elements of 
musical experience related to cognitive ability and are there differences in the level of 
challenge music implores. There is large individual variability in cognition among older 
adults and challenge, examined through music, is a viable outlet to protect individuals from 
cognitive impairment. The relationship between music and cognition and potential 
differences in challenge brought on by music were examined by collecting a neuro-cognitive 
profile of musicians and analyzing it based on their instrument type, retirement status, 
amount of years they have played in an orchestra and have played their instrument, the 
amount of lessons they have taken, the amount of hours they practice weekly and the age 
they started taking music lessons.   
 Results showed that professional musicians did not exhibit any sign of cognitive 
impairment when screened through the MoCA test, in fact, the population of musicians 
tested at or above normative levels of cognitive ability. These results are consistent with 
research indicated that musicians maintain cognitive ability more effectively than non-
musicians throughout aging (Amer et al., 2013; Balbag et al., 2014; Chan et al., 1998; Grant 
& Brody, 2004; Hanna-Pladdy & MacKay, 2011; Moussard et al., 2016; Rodrigues et al., 
2013; Schneider et al., 2018) and that musical ability is related to cognition (Fauvel et al., 
2014; Gooding, 2014; Hanna-Pladdy & Gajewski, 2012; Schellenberg & Hallam, 2005). 
Results from the music experience questionnaire provided the study with predictor 
variables to complete within musician comparison. 
Music Experience Questionnaire  
Important details about this questionnaire that have been shown to influence 
cognition in the literature and those predictor variables that were shown to be correlated 
with cognition in the current study will be addressed. The average age participants started 
 
 216 
to receive private music lesson was 9.28 years. Previous research has shown that brain 
changes due to music training suggested to influences cognitive ability are correlated with 
the age musicians start to play a musical instrument (Chan et al., 1998; Gembris, 2002; 
Gruhn & Rauscher, 2002; Habib & Besson, 2009; Skoe & Kraus, 2012) a common benchmark 
of 7 years is often noted (Gruhn & Rauscher, 2002). Results indicate that musicians who 
start playing a musical instrument at a younger age have more brain change due to music 
than those who start playing an instrument at older ages (Chan et al., 1998). When music is 
learned before the age of seven, known as the “sensitive period”, structural changes and 
effects of brain plasticity are more evident (Chan et al., 1998; Habib & Besson, 2009). The 
average age the current participants began taking music lesson, 9.28 years, is slightly older 
than the suggested benchmark age (age seven) to receive brain and cognitive benefits of 
music. Although, two participants were outliers who began taking music lessons at ages 17 
and 32, which resulted in the average age of music acquisition to be older. Age was not 
related to the age that musicians started to take music lessons showing that older versus 
younger participants did not begin to take music lessons at different ages or points in their 
life span. Although age was inversely related to the number of years of music lessons they 
took, as age went up the number of years of lessons went down. This showed that older 
musicians did not take as many music lessons as younger musicians. This cohort effect may 
be caused by socio-environmental changes in the period of time they grew up as younger 
participants may have been more involved in extra-curricular activities than past 
generations. Other influential factors of music involvement include familial involvement in 
musical activity.   
The majority of what we learn from music before age two comes from parental 
music involvement (Gooding & Standley, 2011). If music is not a part of an infant’s home life 
this can influence later appreciation and interest in music and therefore whether the 
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individual will gain any benefits from music. Fifty-eight percent of our sample had a sibling 
who played a musical instrument recreationally and almost 70% of the sample had a parent 
who played a musical instrument recreationally, providing evidence that the households 
participants grew up in included music. More specific to parental influence, the parent’s 
involvement and amount of music appreciation can inform whether or not their child will 
become musically proficient. Among a population of expert musicians more than 93% came 
from families with some musical experience or a music profession (Manturzewska, 1990). 
Our study found a much lower percentage of musician parents with career involvement in 
music. Only 24% of the sample indicated one of their parents had a musical career.  
Level of music involvement has also been shown to effect cognitive benefit from 
music. Higher levels of music involvement as well as increases in the amount of music 
engagement have been shown to influence cognitive benefit received from music (Gooding 
& Standley, 2011; Hanna-Pladdy & MacKay, 2011). Results show that the professional 
orchestral musicians studied had an average of 15.89 years of private music lessons. The 
average amount of years of private music lessons was positively correlated with theta 
signatures in the frontal lobe of the brain, theta signatures are related to cognition, and 
cognitive ability is often localized in the frontal lobe.  
Neuropsychological Exams Based on Predictor Variables  
Predictor variables are those variables that were obtained from the music 
experience questionnaire and include the number of years of private music lessons, the age 
participants began music lessons, the number of years they worked for the orchestra, the 
number of hours of practice weekly, the number of years they have been retired and the 
number of years they played their instrument, all of these predictor variables are 
continuous and numeric. Predictor variables that were categorical variables in nature 
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included the type of instrument participants played and their work status, or whether they 
were retired or currently working in the orchestra. 
There were no significant associations between any continuous, numeric predictor 
variables, such as the amount of years of music lessons, hours spent practicing weekly and 
the number of years a musician had been retired and scores on neuropsychological exams. 
The categorical predictor variable, instrument type, was related to Bluegrass speed scores 
and MoCA scores. except by instrument type. These results indicate that there were no 
differences in the cognitive ability of musicians based on the amount of musical experience 
(e.g. the number of years of lessons participants took, the age they started taking music 
lesson, the years they had worked for the orchestra, and the number of years participants 
had been retired). Research addressing whether the number of years of lessons effects 
cognitive ability is conflicting, while some research shows no differences are found between 
musicians based on the number of years of private lessons they have taken  (Strong, 
Midden, & Mast, 2015) other research shows that the amount of musical experience does 
influence results of cognition (Gooding, 2014; Hanna-Pladdy & MacKay, 2011). The lack of 
significance between the predictor variables age participants started to play music and 
number of years of music lessons they took with cognitive scores could be due to the 
professional involvement of musicians. Cognitive differences based on predictor variables 
like number of years lessons may be more likely between those who vary more in musical 
experience. Groups of musicians who have greater variability in the levels of musical 
experience, for example a person who took two years of music lessons and quit in the 
second grade versus someone who took lessons through college, would have also 
experienced greater variation in the amount of challenge that the music provided. This 
difference in amount of lessons may have resulted in greater variation in cognitive ability as 
they aged because the participants who took more music lessons reached a higher level of 
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music engagement and therefore experienced increasingly more cognitive challenge from 
the music. The person who took lessons until second grade may still have been learning 
basic scales, or potentially only playing with one hand and not with both hands 
simultaneously on the piano, for example, but the person who played until college may have 
started to learn complex long pieces of music that required more cognitive challenge.   
Although no significance association was found between scores on 
neuropsychological exams and continuous variables in regression analysis, significant 
associations between the categorical variable of type of instrument a musician played and 
MoCA and Bluegrass speed scores were found. String players performed the fastest on the 
Bluegrass working memory task and second highest in accuracy on the MoCA examination. 
Woodwind players scored the highest on the MoCA examination and brass players scored 
the second highest on the time element of the Bluegrass task. String players consistently 
scored higher than the rest of the instrument categories as they were never the least 
accurate or slowest in speed on task completion, but results varied, and further research is 
merited. These results are novel as previous research has indicated a lack of research on 
instrument specific effects on processing and other cognitive abilities of expert musicians 
(Proverbio & Orlandi, 2016). Differences in cognition among musicians based on instrument 
type may have been found due to varying levels of challenge involved in playing the 
instruments and also challenge due to amount of practice time. String and piano players, for 
example, typically practice more hours in a week compared to horn players, because of the 
way the instrument is played. Horn player’s facades get weak and tired and therefore they 
cannot play as often or as long. More practice by string players leads to more music 
exposure and involvement, which we have suggested based on the literature, results in 
more cognitive challenge and potentially more benefit to cognition.  
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These potential variations in challenge may have caused differences in cognitive 
scores of musicians. Further research examining differences in cognition based on 
instrument type is merited based on research results indicating significant differences in 
cognitive ability based on instrument type. If cognitive challenge is promoted more 
effectively or in a greater way with one specific instrument, cognitive training programs 
may want to focus on that instrument type to effectively produce more challenge during 
training and potentially more protection against cognitive impairment. 
 
EEG Results 
Increases in hertz of EEG recordings indicated by changes in the frequencies (theta, 
alpha, beta, gamma) in a specific area of the brain can help facilitate participants in 
completing cognitive tasks more effectively, both faster and more accurately depending on 
which frequency is being examined (Tatum IV, 2014). For example, increases in theta 
activity in the frontal lobe influence cognition positively if found in the frontal lobe, while 
increases in alpha activity in the occipital lobe do not support cognition. Therefore, EEG 
results will be discussed based on the direction of the relationship between the EEG 
frequency and predictor variables (answers on music experience questionnaire) or EEG 
frequency and cognitive performance scores.  
EEG Trends in the Direction of Significance: Positive or negative correlations 
Although significant associations between each predictor variables and specific EEG 
signatures were found the number of hours of practice participants completed each week 
and the type of instrument they played were the most influential factors on EEG recordings. 
The number of years of lessons participants played was also highly correlated with EEG 
signatures. Typically, results showing significant associations between EEG signatures and 
predictor variables were positive, although unique trends were found among specific 
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predictor variables. The majority of the EEG signatures that were significantly related to the 
number of years of music lessons a participant had taken (84% of the time) and the number 
of hours a participant practiced music (89% of the time) showcased positive relationships. 
This indicated that more exposure and time spent on music (increases in the number of 
years music lesson and practice) yielded increases in EEG hertz in the specific brain areas 
shown to be significant (See Table 7.1 for specifics on which EEG signatures were positively 
related to predictor variables). Negative associations between predictor variables and EEG 
were also found.  
All significant associations between the number of years a participant had been 
retired (from 0-30) and EEG were negative showing that increases in the amount of years a 
participant had been retired led to decreases in EEG power. A general trend of less music 
experience or less current experience shown in retired participants resulted in less EEG 
power, potentially indicating that they were not showing as much brain activity as those 
who had larger amounts of music experience at more recent time periods who showed 
increases in EEG power during EEG recordings. This trend in the results can be summarized 
by stating that the amount of time spent playing a musical instrument and when this 
involvement in music was completed were correlated with brain activity. Significant 
associations between EEG power and the age participants began music lesson were also 
commonly negative (75% of the time) fitting into this trend surrounding music exposure 
and time of exposure. Those who started to take music lessons at a younger age, and 
therefore had more music exposure, simply because they started earlier, had resulting 
increases in EEG power or activity shown through oscillation. Participants who started 
taking music lesson at older ages had decreases in EEG oscillation power.  
Categorical predictor variables of work status, type of instrument specific and type 
of instrument based on the Hornbostel classification system when significant were all 
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positively related to EEG signatures. EEG power based on type of instrument specific 
showed no general trends lending towards one instrument type. Although, string players 
never had the lowest EEG power in comparison to other instrument categories (brass, 
woodwind, percussion) on any specific EEG recording (baseline, during cognitive tasks and 
post-examination), they did not always have the highest mean EEG power compared to the 
other musicians either. EEG signatures significantly related to the type of instrument based 
on the Hornbostel classification system showed that hordophones (which string 
instruments are a part of) did not have the lowest EEG power for any values that were 
significant. This showed that generally EEG recordings of string players showcased higher 
amounts of power than other instrument types. Correlations between work status and EEG 
signatures showed that those who were currently working had significantly higher EEG 
power than those who were retired. These results were consistent with results showing 
that increases in the number of years a musician had been retired led to decreases in EEG 
power. The longer a musician is away from intensive professional practice and 
performance, typical of an orchestra musician currently working, the lower power in EEG 
recordings they exhibited.  
Significant correlations between EEG recordings and scores on neuropsychological 
exams were found most prominently within the MoCA, Digit Symbol Substitution tasks and 
Ruff 2 & 7 speed measurements. Significant correlations between MoCA and EEG signatures 
were all positive showing that as MoCA scores increased EEG power increased. A positive 
relationship was shown between EEG power and scores on the Digit Symbol Substitution 
task as well, showing increases in power led to increases in scores and therefore cognitive 
ability. The same positive relationship was seen between EEG power and Ruff 2 & 7 
percentile speed scores. Scores on the Ruff 2 & 7 task were measured through placement in 
percentile speed and accuracy, based on suggested guidelines for the clinical interpretation 
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of percentiles derived from the Ruff 2 & 7 professional manual (Ruff & Allen, 1996). Ruff 2 & 
7 percentile speed scores were typically (83% of the time), positively related to EEG power. 
Indicating that musician’s brains that recruited higher amounts EEG power placed higher in 
percentile than those who had lower EEG power measured in UV⌃2 during the Ruff 2 & 7 
task.  
Significant correlations between scores on Trail tasks version A & B and EEG were 
all negative due to the nature of the scoring. Participant performance on the Trail task was 
measured in time, specifically seconds, where lower scores or seconds indicated a faster 
performance on the task, which was ideal. Consequently, a reverse relationship between 
EEG power and performance on the task would indicate that increases in EEG power 
facilitated task performance and followed general trends in EEG typically seen in previous 
research (Jensen & Mazaheri, 2010). Results showed that as scores went down (seconds 
decreased), indicating a faster performance, EEG power increased. Therefore, faster 
performer’s brains showed increases in EEG power, indicating EEG power facilitates speed, 
which is showcased in a negative relationship between EEG power and scores on the Trails 
tasks.  
Strong positive and negative associations between EEG recordings and scores on the 
Bluegrass working memory task were found supporting hypotheses surrounding 
attentional ability of musicians. After separating trials into either match or non-match trials 
also known as target and distractor trials results showed that EEG signatures were strongly 
related to the percentage of correct match and non-match trials. Match trials followed a 
positive trend showing that higher EEG power was positively related to the match 
percentile although non-match trials followed an opposite negative trend. Accuracy of non-
match trials was negatively correlated with EEG power. This showed that less EEG power, 
typically were seen in theta signatures, was used during non-match (distractor) trials and 
 
 224 
EEG power increased during match (target) trials. These results suggest musicians were 
able to effectively complete tasks related to focal attention. They inhibited information that 
was not necessary such as distractor, non-matches seen through decreases in frontal theta 
power, typically associated with attention and working memory ability, but recruited or 
focused attention, seen functionally through increased theta power, on match trails that 
they were asked to focus and keep in their working memory.  
Musicians have been shown to have superior ability in tasks of focal attention or 
attention inhibition (Moussard et al., 2016; Rodrigues et al., 2013; Schroeder et al., 2016; 
Strait et al., 2010; Wang et al., 2015; Zendel & Alain, 2012), but the current research 
reinforced this knowledge and gave strong functional evidence of this ability specifically in 
professional orchestral musicians, which may be facilitated by their life-long music 
engagement. Previous research using the Bluegrass working memory task and EEG 
recordings indicated results were consistent with trends in match and non-match trials 
seen in the current research populations of musicians (Adolph et al., 1991; Li et al., 2017). 
Patients with mild cognitive impairment completing this working memory task show 
differential left frontal brain potentials indicating that they are not able to effectively filter 
out unnecessary stimuli or non-match, distractor stimuli during the task (Broster et al., 
2013). Therefore, electrophysiological signatures can differentiate mild cognitive 
impairment from normal aging in older adult participants through use of the match or non-
match working memory paradigm used in our study (Broster et al., 2013; Jiang et al., 2016). 
The cognitively impaired participant’s tested in Broster et al.’s (2013) research did not 
show decreases in EEG power during non-match trail indicating their inability to complete 
tasks using focal attention. This ability to inhibit out unnecessary information has been 
proposed as theory behind why cognitive decline occurs by Lustig, Hash, & Zacks  (2007) 
and is the primary theory this research suggests is behind musician’s retention of cognitive 
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ability seen in the body of literature examining cognition and music. We will discuss this 
theory and its implications of the research results in more detail later.  
EEG Trends Based on Type of Signatures: Theta, Alpha, Beta, Gamma 
Although we have discussed the direction of the relationship of significant results 
indicating associations between EEG recordings with predictor variables and 
Neuropsychological exam scores, trends based on the type of signature were also found. 
The majority of significance was found within theta and alpha signatures and less 
significance was found between beta and gamma signatures. Theta and alpha signatures are 
typically associated with cognition (Klimesch, 1996) and specifically have been linked with 
the framework of inhibition (George & Coch, 2011; Hasher et al., 1991; Jensen & Mazaheri, 
2010; Koelsch et al., 1999). Theta and alpha signatures were the primary EEG signatures 
related to predictor variables (See Table 7.1 for a complete list of significant results 
segregated by signature type) and cognitive performance scores.  
Increases in alpha and theta power have also been noted during music listening 
(Katayama et al., 1992), music processing and imagining (R. S. Schaefer et al., 2011) music 
therapy (Fachner et al., 2013) and during music performance (Babiloni et al., 2011) 
particularly in the frontal cortical areas. Increases in theta and alpha power were seen 
primarily in frontal cortical areas during EEG recordings in the research results. Research 
showing that both musical stimuli and cognitive task completion drive alpha and theta band 
increases may explain cognitive differences between musicians versus non-musicians 
(Amer et al., 2013; Balbag et al., 2014; Gooding et al., 2014; Schellenberg & Hallam, 2005) as 
musicians may have superior ability to recruit alpha and theta power during cognitive tasks, 
due to repeated musical experience and its connection with these specific signatures. 
 
 
2
2
6
 
Table 7.1.  
EEG Trends based on Type of Signature  
EEG 
Signatur
es  
Cognitiv
e Score  
(Speed) 
Cognitiv
e Score 
(%) 
Years 
of 
Privat
e 
Lesso
n 
Age 
Participan
ts Began 
Lessons 
Years 
Worked 
for 
Orchestr
a 
Hours 
Practice
d 
Weekly 
Years 
Retire
d 
Years 
Played 
Instrume
nt  
Type of 
Instrume
nt  
Hornboste
l 
Instrumen
t 
Classificati
on  
Work 
Status  
Tota
l 
Theta 8 11 6 2 0 5 0 2 4 3 0 41 
Alpha 3 1 1 2 1 1 4 2 2 2 2 21 
Gamma 0 0 0 0 0 3 0 0 4 0 0 7 
Beta 0 1 0 0 1 0 0 0 2 0 0 4 
Total 11 13 7 4 2 9 4 4 12 5 2 73 
             
Note. This table represents the number of significant correlations found based on EEG signature (theta, 4-7; alpha, 8-13; beta, 16-
31;gamma, 32-100). 
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EEG Trends based on Recording: A1, A2, eyes closed, open, imagine 
EEG signatures recorded during cognitive task performance were most often 
significantly correlated with cognitive task performance scores and the number of hours 
participants practiced on a weekly basis. More significance was found within the signatures 
taken during Bluegrass working memory task trial one (A1) versus Bluegrass working 
memory task trial two (A2) (Refer to Table 7.2). This may be caused by the need for 
participants to recruitment larger amounts of attention in trial two of the task after 
completing the task for a longer period of time. Longer periods spent completing a cognitive 
task also leads to more task stimuli, which increases cognitive load and therefore the 
amount of attention required to complete the task increases (Lavie, Hirst, De Fockert, & 
Viding, 2004). More significance in trial two could results in increased confusion on the 
task. As participants complete increasingly more of the task and therefore are presented 
with more material this may result in confusion. This confusion may result in a need to 
recruit additional amounts attention to complete the task as effectively as they did during 
the first trial of the task.  
 While more significance was found between predictor variables and cognitive task 
scores during eyes closed versus eyes open, no specific trends based on predictor variables 
were recorded. EEG recordings taken during the imagine exercise, while participants 
imagined they were playing a music piece using the instrument they play in the orchestra, 
was significantly related to the type of instrument they played. Imagery of music playing is 
powerful and has been shown to activate the necessary brain areas to physically play music 
(Gaser & Schlaug, 2003; Koelsch, 2009), suggesting that music can facilitate the ability for 
the human auditory modality to access motor systems (Zatorre et al., 2007). Imagery of 
music has also been shown to induce higher EEG power specifically in the alpha response 
than perception of musical (Rebecca S Schaefer, Rutger J Vlek, & Peter Desain, 2011; R. S. 
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Schaefer et al., 2011). Significance found within musician’s EEG recordings while they 
imagined they were played based on instrument type shows for example that string players 
brain patterns were significantly different than woodwind players. The results of EEG 
recordings taken during the music imagine exercise are consistent with research showing 
that a brain—computer interface can detect subjects devoting attention differentially across 
different instruments while polyphonic music is played (Treder et al., 2014). In Treder and 
colleague’s (2014) study EEG recordings detected musicians paying attention to one of 
three particular instruments during a music listening exercise. The current study’s results 
showed that EEG recordings detected musicians focusing attention to a specific instrument 
while imagining music, rather than listening to it.  
 
 
 
2
2
9
 
Table 7.2. 
EEG Trends based Task 
EEG 
Recordi
ngs 
Cognit
ive 
Score  
(Spee
d) 
Cogni
tive 
Score 
(%) 
Years 
of 
Priva
te 
Lesso
n 
Age 
Partici
pants 
Began 
Lesso
ns 
Years 
Worked 
for 
Orchestr
a 
Hours 
Practic
ed 
Weekl
y 
Years 
Retired 
Years 
Played 
Instrume
nt  
Type of 
Instrume
nt  
Hornbostel 
Instrument 
Classificatio
n  
Wor
k 
Statu
s  
Tot
al 
A1 3 3 5 0 0 5 0 0 0 0 0 16 
A2 3 5 1 1 1 3 0 1 4 1 0 20 
Eyes 
Closed 
2 1 0 1 0 1 1 1 2 3 1 13 
Eyes 
Open  
1 4 0 0 1 0 3 0 2 0 1 12 
Imagine  2 0 1 2 0 0 0 2 4 1 0 12 
Total  11 13 7 4 2 9 4 4 12 5 2 73 
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Note. This table represents the number of significant correlations based on which task participants were completing during the recording . 
Task A1 represents EEG recordings during Bluegrass working memory task trial one and A2 represents EEG recordings during Bluegrass 
working memory task trial two. Eyes closed, represents EEG recordings during pre-testing, resting state recordings taken while 
participant’s eyes closed and eyes open, represents the same recordings while participants eyes were open. Imagine represents EEG 
recordings taken while participants imaged they were playing a piece of music on the musical instrument they played in the orchestra.  
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EEG Trends Based on Region of the Brain  
 Surprisingly, EEG signatures were most significantly related to predictor variables 
and cognitive performance scores within the occipital lobe, followed by the parietal lobe 
and then the frontal lobe (See Table 7.3). One would expect EEG recordings related to 
cognitive task performance to be shown within the frontal lobe because that is where 
cognition is generally localized. While EEG signatures can be related to various multiple 
cognitive and physical functions, general trends in function have been found. The occipital 
region, where the majority of significant F values were found is associated with vision. 
Higher percentage of significance found within occipital regions of the brain may have been 
due to the visual nature of the cognitive tasks (Trail A & B, Digit Symbol Substitution, Ruff 2 
& 7 and Bluegrass task). For example, if tasks were auditory tasks and driven by auditory 
function results may have been more significance in the temporal regions because that is 
where auditory function is localized. These results could also be dictated by musical 
activities requiring sensorimotor training and skills that are intricately related to 
translating visual patters of musical notation into auditory sound (Patel, 2011; Wan & 
Schlaug, 2010). Functional studies using ERPs (Event Related Potentials) have shown that 
visual notation dictates the way the brain incorporates and pairs sound (Nichols & Grahn, 
2016) indicating that the human visual system is the initial driver of musical activity, when 
a musician plays by notes. Classically trained musicians and orchestral musicians typically 
read notes or musical scores. Further literature focused on differences between musician’s 
and non-musician’s brains has shown that musicians have enhancements in visual-spatial 
skills (Moussard et al., 2016; Rauscher et al., 1993; Rauscher et al., 1997; Schroeder et al., 
2016). Therefore, music’s link with visual acuity may drive the results seen in the study 
indicating connections between brain activity in the occipital lobe and musical predictor 
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variables such as the number of hours musicians play each week and how long they have 
played for an orchestra.  
 The parietal area of the brain was the next most commonly found brain area where 
EEG signatures were significantly related with cognitive ability and musical experience 
predictor variables. Overall, frontal areas of the brain showed significance the least out of 
the three brain areas (frontal, parietal, occipital) examined. Although, frontal and parietal 
sites were the areas that were most significantly correlated with performance during 
Bluegrass task trial one (A1), but more significantly related to parietal regions during 
Bluegrass task trial two (A2), potentially due to practice effects and as participants 
experienced fatigue after completing the task twice for a total of ten minutes.  
Although the direction of results (positive and negative) can vary based on the 
signature type and area of the brain. We address results based on the area of the brain, 
direction of results and type of signature (theta, alpha, beta, gamma) separately, but these 
factors can be dependent on each other, so it is important to discuss these factors in unison 
based on the literature. Alpha frequency greater than 11 hertz, or peak alpha frequency is 
related to improved processing speed and executive functioning, but not shown to effect 
memory in older adults. Peak alpha frequency is negatively associated with age after 
childhood (Angelakis et al., 2007)..This shows us that as people get older they use less alpha 
frequency, which may affect cognitive performance, because as stated earlier, alpha 
frequency is positively related to cognitive performance. Age also is related to theta-alpha 
ratio. Short-term memory performance can be predictive of theta-alpha rations in younger 
participants but is not related to working memory in older adults. Further, a lack of change 
in theta-alpha frequency due to age can predict impaired cognitive functioning (Trammell, 
MacRae, Davis, Bergstedt, & Anderson, 2017). In summary age is highly predicative of EEG 
results. Results also indicate that increases in theta band activity in the frontal midline areas 
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of the brain can facilitate focused attention, but not memory, indicating EEG signatures are 
related to cognitive performance based on the brain area they are localized in (Wang & 
Hsieh, 2013) and (Başar-Eroglu, Başar, Demiralp, & Schürmann, 1992). There is an 
expansive body of a literature on EEG signatures and cognitive performance as well as on 
application of EEG results based on brain region, although a comprehensive expansion of 
the EEG literature goes beyond the scope of the project. 
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Table 7.3 
EEG Number of Significant Correlations based on Brain Region  
Region of 
the Brain of 
EEG 
Recording 
Cognit
ive 
Score  
(Spee
d) 
Cognit
ive 
Score 
(%) 
Years 
of 
Privat
e 
Lesso
n 
Age 
Partici
pants 
Began 
Lesson
s 
Years 
Worked 
for 
Orchestra 
Hours 
Practiced 
Weekly 
Years 
Retired 
Years 
Played 
Instrument  
Type of 
Instrument  
Hornbostel 
Instrument 
Classification  
Work 
Status  
Total 
Frontal  3 6 2 0 1 2 1 0 2 0 0 17 
Parietal 4 3 3 2 0 3 1 2 4 1 1 24 
Occipital  4 4 3 2 1 4 2 2 6 3 1 32 
Total  11 13 8 4 2 9 4 4 12 4 2 73 
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Table 7.4.  
Number of Significant Correlations on Task and Area of the Brain 
 
Region of the 
Brain  
A1 % A2 % Eyes Closed Eyes Open  Imagine  Total  
Frontal  7 3 3 4 0 17 
Parietal  7 7 6 2 2 24 
Occipital  4 9 4 6 9 32 
Total  18 19 13 12 11 73 
 
Note. A1 represents EEG recordings during Bluegrass working memory task trial one and A2 represents EEG recordings during 
Bluegrass working memory task trial two. Eyes closed, represents EEG recordings during pre-testing, resting state recordings 
taken while participant’s eyes closed and eyes open, represents the same recordings while participants eyes were open. Imagine 
represents EEG recordings taken while participants imaged they were playing a piece of music on the musical instrument they 
played in the orchestra.  
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Implication of Results 
How recent a participant’s experience with music has been and the amount of 
musical exposure are key elements to be taken into consideration when examining music, in 
the form of music instrumentation, and its potential effects on cognitive ability. Increases in 
musical experience and more recent exposure to music experiences may provide the most 
beneficial effects of music when using it to study cognitive challenge and protection from 
cognitive impairment. Music training aids individuals in remaining cognitively active and 
healthy. Cognitive training programs, utilizing music for those who have pre-genetic 
dispositions of cognitive impairment, or are otherwise aging and experiencing normative 
cognitive decline, have potential clinical application in protecting individuals from cognitive 
decline  
There are various positive and unique assets of intervention programs utilizing 
music playing that may make it a superior or otherwise alternative option to promote 
health and physical wellness or treat disease states. Gooding’s et al. (2015) study 
addressing associations between playing music and cognitive ability suggests that music 
activity can be intrinsically motivating, providing reasoning for why individuals would 
choose music intervention over drug therapy or other intervention programs. Further 
support suggests that musical activity provides a noninvasive, natural, low cost treatment 
with no side effects, which medication cannot necessarily provide (Chanda & Levitin, 2013). 
It has also been shown that positive outcomes resulting from playing music require low 
levels of energy from participating older adults (Koyama et al., 2009). Other positive effects 
that make music intervention more appealing include participant enjoyment, which results 
from music’s ability to activate of the limbic system. Participant enjoyment increases 
motivation to remain engaged in musical training programs (Wan & Schlaug, 2010). This is 
relevant when we consider a patient’s motivation to continually take a medication that does 
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not produce immediate results might cause a drop-in medication adherence. Evidence 
suggests that musical intervention may be a reliable and effective option to treat various 
health conditions and produce desired goals, especially among those who prefer less 
invasive and more natural health intervention. Although further work examining 
pharmacological intervention in comparisons to musical training intervention in the field is 
needed to further support effectiveness of music over drugs. Even when considering the 
positive factors of using music as cognitively challenging activity that could potentially be 
used as treatment for cognitive impairment, there are still limitation when researching 
music’s effects and associations to cognition.  
 
Limitations 
The largest limitation of the study involves sample size. The number of musicians 
recruited as well as stratification of musicians into groups based on instrument type created 
limitations based on the power of our sample. Unequal numbers of musicians were included 
in our population, with particular under representation of percussion instrumentalists. 
Percussion instrumentalists are the smallest population of orchestral musicians. Future 
studies could travel to orchestras and their musicians for cognitive testing in order to 
recruit even sample sizes. This was not an option for researchers in the study due to budget 
constraints. Although this limitation affected the power of results based on instrument type 
other continuous, predictor variables were unaffected.  
The self-report nature of the musical experience questionnaire administered could 
have led to misrepresentation of data in our study. For example, one particular question 
that could have been reported inaccuracy on was the amount of time a musician claimed 
they spent practicing, in hours, on a weekly basis. Musicians often would say they had been 
playing music so long that they did to need to practice often. Feelings of guilt due to less 
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time spent practicing could have led participants to over report the number of hours they 
spent practicing weekly. Answers on the question pertaining to the number of hours a 
participant performed weekly also may have varied per participant, based on the time of 
year participants were tested at and which orchestra they belonged to. While some 
musicians were members of an orchestra that performed year-round, namely the Louisville 
Orchestra, others, such as those who were part of the Lexington Philharmonic orchestra, do 
not play year-round. Generally, musicians perform and consequently practice less often in 
the summer months if they do not play year-round. Data was collected during the summer 
for this study, therefore questions asking about the number of hours of practice they 
completed weekly as well as how many hours they performed weekly may have been 
underrepresented because they were not technically in season.  
Data used to compare musician’s cognitive scores with, obtained from populations 
or meta analyses in prior studies may have included subjects who were professional 
musicians. Although the likelihood is low, if comparison populations did encompass a 
professional musician(s), our population would not be uniquely separate. Therefore, we 
would not be able to indicate that musicians scored higher than normative populations. 
Future studies should use a control to compare professional musicians with. This control 
sample would need to carefully screen participants to insure they had no musical training 
or musical experience beyond simple music listening. This may be a difficult variable to 
screen for, because most people have had some sort of musical training in early education.   
 Significant connections between EEG recordings taken during the imagine exercise 
and type of instrument found in our results could be ambiguous because participants were 
not given a specific song or musical task to imagine. The task they were asked to complete 
or imagine was not given in a descriptive enough manner. Participants could have been 
imagining novel pieces they were just learning, which would have required more challenge 
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than imagining a piece they learned at a young age that they had repeatedly played for years 
and knew very well.  
 
Theory Behind Music’s Protective Effects 
Results found may be informed by three key theories; the first theory suggests 
musicians have superior cognitive ability because they have better attentional control. The 
second theory states that musical training facilitates musician in beginning at higher levels 
of cognitive ability early in life, therefore they do not decline cognitively to a level that infers 
with everyday functioning. The last theory is based on music’s ability to recruit 
neuroplasticity, providing high levels of cognitive reserve for aging musicians.  
Attention 
 Attention has been discussed at length in chapter three with particular emphasis on 
the theory of cognitive ability stating that attentional inhibition or filtering out unnecessary 
information during working memory is the central mechanism influencing cognitive 
competency as we age (Gazzaley & Nobre, 2012; Hasher et al., 1991). Studies using 
neuropsychological testing measures (Schroeder et al., 2016; Wang et al., 2015) and 
measures requiring encoding of auditory stimuli (Parbery-Clark et al., 2011; Zendel & Alain, 
2012) indicate that musicians exhibit superior ability of attentional inhibition when 
compared with non-musicians.   
Research results of the current study show that musician participants are able to 
effectively inhibit unnecessary information and focus on target information during a 
working memory task. This was shown in the results through increases in theta (related to 
attentional inhibition) power during match, target trials, and decreases in EEG power 
during the non-match, distractor trials, distinguished in the Bluegrass working memory 
task.  
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We suggest that that musicians are able to complete tasks of inhibition effectively 
regardless of age because music playing requires large levels of attention, music requires 
them to shift focus to and from multiple different sensory systems while physically playing 
simultaneously (Patel, 2011). Musicians are noted as having better working memory 
capacity when compared with non-musicians (Moussard et al., 2016); working memory is 
important during music instrumentation. High loads of working-memory and selective 
attention skills are required during music playing because musicians need to switch 
between focus on finger placement and reading sheet music, often times while keeping 
conductor instruction in mind, simultaneously from their procedural memory (Kraus & 
Chandrasekaran, 2010). They also have to inhibit out related melodies that they may know, 
invoking intrinsic challenge using attentional inhibition, and also filter out other musicians 
playing other melodies and notes at different rhythms, or challenge coming from an 
extrinsic source. The challenge music places on individuals due to attentional demands 
leads us to believe that repeated practice with attentional inhibition during music playing 
allows musicians to remain cognitively intact and protected from cognitive decline, based 
on theories of inhibition proposed by Hasher and Zacks (1988).  
Neuroplasticity 
Much intraindividual plasticity, meaning within-person modifiability, is found in 
psychological development. Depending on the life conditions and individualistic life 
experiences, his or her developmental course can take many forms. The key developmental 
agenda is the search for the range of plasticity and its constraints. Do musicians have a 
larger range of plasticity or potential for plasticity and therefore less constraint to develop 
plasticity when brain change presents difficulties to complete subsequently related 
behaviors? 
 
 241 
Edward Taub developed the research field of adult neuroplasticity through research 
on 17 macaque monkeys in the 1970s and 1980s and scientists have been aiming to 
discover mechanisms that drive and support this function ever since. We can define 
neuroplasticity as the brain’s ability to rewire and modify its structures and functions, 
developing or recruiting new neural pathways in the nervous system due to environmental 
change (Wan & Schlaug, 2010). Cortical restructuring can be defined as a change in the 
specificity of brain features utilized to produce a desired result because of insult or changes 
taking place in the brain. Cognitive reserve can be defined as “The capacity of the individual 
to continue to function at an adequate cognitive level when there has been neural deficits or 
pathology” (Bengtson et al., 2000). 
Neuroplasticity informs cognitive reserve as neuroplasticity enables a person to 
perform at optimal levels of cognitive ability despite deficits that are present due to aging or 
pathology. Older adults with high cognitive reserve are better able to cope with the same 
amount of neuropathology that would affect others with lower amounts of cognitive reserve 
(Bengtson et al., 2000). There are copious amounts of intra-individual plasticity found 
during psychological development (Moshman, 1998). This intra-individual potential is 
correlated with various different factors, which can be categorized under four main 
categories.  
The first category influencing neuroplasticity deals with childhood experiences. The 
education we receive and the available opportunities for intellectual challenge early in life 
can influence our cognitive ability later in life. Education provides a more cognitively 
enriched environment and also increases the amount of novel experiences and challenges 
we face in early life. These factors occurring early on influence older adult’s ability to recruit 
cognitive plasticity late in life at older ages  (Greenwood et al., 2012). It is that cognitive 
challenge early in life that influences the brain in a positive way, enabling it to cope better 
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with change; this ability is sustained as the individual ages. Bilingualism is one specific 
example of a type of education that has been studied and linked with reserve in cognitive 
functions possibly brought on by plasticity (Bialystok, Craik, & Freedman, 2007; Craik, 
Bialystok, & Freedman, 2010; Garbin et al., 2010; Schroeder et al., 2016). 
 Lifestyle factors, for example nutrition and exercise, which are within an 
individual’s control are also linked to cognitive reserve/plasticity (Polidori et al., 2010); 
(Bherer, 2015). In particular, a Mediterranean diet and increased amounts of aerobic 
exercise have been explored. Although it is difficult to control a human participant’s 
environment and place them in conditions that exemplify these lifestyle factors or in groups 
made with random assignment (RCT) indicating level one evidence of neuroplasticity, such 
studies are possible with animals. Studies of dogs randomly placed in either enriched 
environments with toys, walks every day, cage mates, and enriched diets or in 
environments simulating typical domestication, indicate that dogs placed in enriched 
environments showed better ability to cope with aging pathology (Greenwood et al., 2012). 
These studies placing animals in randomized control trials of different environmental 
conditions help inform possible results that may occur in humans when it is not possible or 
ethical to implement RCT on human populations for this area of research.  
 Pharmacological intervention can influence neuroplasticity. For example drugs used 
to alleviate symptoms of cognitive disorders (e.g. ADHD & Ritalin), hormone replacement 
therapy in older women taking estrogen or estrogen and progesterone supplements as well 
as cholinesterase inhibitors and modafinil (a drug that alleviates daytime sleepiness by 
regulating dopamine levels in synapses) all influence ability to compensate for normative or 
pathological change (Greenwood et al., 2012).  
The last category involves several different environmental factors. We have shown 
in the literature that education can recruit neuroplasticity, but the level of education we 
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obtain influences our occupational attainment, which is linked with cognitive reserve 
(Scarmeas & Stern, 2003; Stern et al., 1994). Cognitive training has also been found to 
influence cognitive plasticity during intervention studies, which conduct short, but intense 
intervals of training aimed at improving cognition (Ball et al., 2002; Bherer, 2015; Willis, 
2010). 
These interventions are not as effective as natural environmental factors at 
promoting neuroplasticity as older adults age. The research suggests there is a link between 
increased participation in cognitive activities such as reading and playing games and 
reduced risk of developing dementia using longitudinal methods (Valenzuela & Sachdev, 
2006; Wilson et al., 2002). Research has shown that cognitively stimulating activities 
recorded approximately six years before dementia diagnosis were inversely correlated to 
dementia incidence (Wang et al., 2002). These results indicate that making changes later in 
life by increasing engagement in cognitive activities can still be beneficial. Cognitively 
stimulating activities studied above may also be the cause of scaffolding explained earlier, 
which is promoted by cognitive activity (D. C. Park & P. Reuter-Lorenz, 2009). Researchers 
examining cognitive function in older adults have measured effects of frequency of 
cognitively stimulating activities as interventions meant to protect individuals against 
cognitive impairment. As stated throughout this dissertation, music provides an outlet to 
study cognitive challenge and therefore is a potential mediating factor of cognitive ability 
based on this research. The ability for the above-mentioned environmental influences and 
activities to promote plasticity is thought to be possible because they place specific 
demands and challenges on the nervous system that stimulate the responses within the 
neural network (Du et al., 2012; Kramer, 2004) . 
As defined above neuroplasticity is related to the actual anatomy and pathways of 
the brain or otherwise alternative pathways the brain may resort to due to normative or 
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pathological decline. This is directly involved with the degeneration of brain regions 
corresponding with specific cognitive domains because these brain changes are what causes 
neuroplasticity to be triggered in the first place. This connection is made because 
neuroplasticity is the mechanism that allows older adults to function normally despite 
either normative brain change or pathological brain deficits described that occur as people 
age. The brain regions involved in cognition mentioned earlier may be damaged due to 
pathological or normative aging if these processes are occurring. The brain recruits new 
areas to facilitate attention or whatever domain is affected by decline and avoids areas 
affected by pathology or even normative cell death (apoptosis). Pathological barriers to 
cognitive performance involve degradation of neural structures such as brain atrophy 
described earlier, decreases in the number of neurons and changes in synaptic density 
(Bengtson et al., 2000).  
Plasticity can also be studied at the behavioral level through cognitive testing. 
Plasticity is most often referred to when addressing neural changes and cognitive reserve is 
most often referred to when addressing behavioral changes although the two processes 
inform each other. Neuroplasticity provides individuals with cognitive reserve; the 
functions of neuroplasticity such as rewiring of brain pathways or cortical restructuring 
enable older adults to remain competent in cognitive ability or to have cognitive reserve.  
 One powerful example of neuroplasticity explained by Greenwood et al. (2012) 
involves amputees and stroke patients, which showed that training (described earlier as 
one factor influencing neuroplasticity) stroke patients and amputees can induce functional 
reorganization. People with phantom limbs who have vivid sensations of the limb that has 
been amputated will have resulting sensation of that limb on their face. Each finger of the 
limb will have a map of feeling on the face. This sensation is so intricate that touch to a 
specific location on the face will cause sensation of one particular finger of the phantom 
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hand. In sum the neurons rewired and changed jobs to not process input on the missing 
limb, but now on the face.  
 In Greenwood & Parasurman’s (2012) example of neuroplasticity among stroke 
patients, limbs unaffected by damage from the stroke were put out of use by tying it behind 
them or other means. This intervention forced the patient’s brain to rewire the pathways of 
movement in the paralyzed limb when the person tried to carry out a function that required 
an arm or a leg. This intervention significantly improved movement of the affected limb. 
These are subsequent examples to the ones listed earlier involving physical deficits and 
induced neuronal reorganization that helps facilitate rewiring to the affected area. Further 
research on the brain’s ability to recruit this reorganization may enable patients suffering 
from cognitive decline to significantly improve their brain function and compensate in as 
great a way as has been shown in phantom limb patients and stroke patients alike.  
Cognitive Beginnings 
 The proposed theory surrounding life-long musicianship and cognitive ability states 
that individual who receive musical training, begin at higher levels on the scale of cognitive 
ability. Cognitive ability is normally distributed throughout the life span as a bell curve 
(Craik & Bialystok, 2006). Cognitive ability of humans begins low in infancy and early 
adolescence, spikes in late adolescence, peaks in our early 20s and either remains the same 
or declines in older adulthood (McArdle, Grimm, Hamagami, Bowles, & Meredith, 2009). 
Due to required brain challenge from music, music has been shown to produce high levels of 
neuroplasticity (Altenmüller, 2008; Groussard et al., 2010; Habib & Besson, 2009; Scarmeas 
& Stern, 2003; Wilson et al., 2015) and this rewiring facilitates musician’s brains to create 
new brain circuits and adaptations due to re-organization of function and brain atrophy 
effecting cognitive ability and causing brain decline. Therefore, brain challenge promotes 
neuroplasticity and neuroplasticity allows the young and old to start (in adolescence) or 
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remain (in old age) higher on the cognitive performance scale than non-musicians. In early 
life this heightened cognitive ability due to music makes it possible for them to test higher 
in cognitive skill than non-musicians and in late life it allows older adults to remain high 
enough on the cognitive ability scale that they do not decline to levels that effect optimal 
function. The theory we propose about cognitive beginnings states that musicians still 
experience declines in cognitive function, but do not decline as far as non-musicians 
effected by their decline (Refer to Figure 7.1).  
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Figure 7.1.  
Depiction of the Theory of Cognitive Beginnings  
 
 
 
 
 
 
 
 
 
 
 
 
_________________________________________________________________________________________________________________________________________ 
Note. Dotted Line depicts the normative human pattern of cognitive and brain development and potential decline; Solid Line 
depicts the potential patterns of cognitive development of a trained musician.
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Other Influential Variables  
Other variables potentially informing our results and providing positive effects of 
music on cognition include music’s ability to reduce stress (B. Bittman et al., 2005), inform 
learning (Gordon et al., 2015; Habib et al., 2016; Tamminen et al., 2017), improve linguistic 
and literacy skills (Ettlinger et al., 2011; Gordon et al., 2015; Wan & Schlaug, 2010) produce 
a strong positive emotional response (Koelsch, 2009; Patel, 2011), and improve 
psychological, social and emotional facets of mental health. These studies examining music’s 
effect on the human mind and body can be categorized as music wellness studies, in other 
words an examination of how music can affect wellness and therefore quality of life (Refer 
to Figure 7.1. for a visual representation of how the literature described in this chapter 
relates to wellness or quality of life). 
Research suggests there is a relationship between cognitive function and the 
personality trait of openness (Schaie et al., 2004). This research is connected with research 
results indicating high frequency of social interaction as being indicative of lower dementia 
incidence (Wang et al., 2002). Social networks practiced through measured social 
interactions may help older adults maintain mental functioning. One-hour music making 
interventions executed to discover if mood was related to music making indicated that 
mood states of older adults significantly improved in music-making groups versus a control 
group; these results were quantified by analyzing chemicals taken through blood samples 
and mood state questionnaires (Koyama et al., 2009). Similar studies utilizing music 
listening interventions also indicated significantly improved mood state (more alert and 
happy) and mental status among music intervention groups of AD patients, completed 
through the use of music instruments (Lord & Garner, 1993). This is relevant to the 
research because professional musicians not only benefit from positive affects produced 
through the challenge of playing music, but they also have to listen to improve and are 
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constantly hearing music. Therefore, they benefit from the perceived benefits seen in the 
literature focusing on mood, stress and music.  
Statistically significant reductions of negative mood dimension and work burnout 
due to music making have been noted in younger adults specifically among nursing students 
who underwent recreational music-making interventions (B. Bittman et al., 2005). Cost 
savings of this music making intervention were predicted to be $16, 800 for the typical 
associate degree nursing program annually and $322,000 in projected cost savings for acute 
care hospitals per year (B. Bittman et al., 2005) These cost savings were related to the 
nursing student’s performance of medical tasks. Stress response another important factor 
related to an individual’s mental health status has also been positively modulated by music 
making (Barry Bittman et al., 2005). Studies examining relationships between stress and 
music-making indicated that music is used as a productive coping mechanism to deal with 
stress, which helps individuals avoid responding to stress in negative ways, which can 
exasperate negative health consequences of the original stressor. For example, stress can 
cause over eating and difficulty sleeping.  
Subsequent results more related to the realm of clinical psychology of mental health 
include music training and listening ability to treat affective disorders such as depression 
and pathological anxiety (Ramirez et al., 2015). These results are thought to be possible due 
to the emotional modulation that music provides and music’s ability to effect limbic and 
amygdala dysfunction, which is partly related to depression and anxiety (Koelsch, 2009). 
Both emotion and psychological factors (such as presence of psychological disorders—i.e. 
depression) can be affected by music wellness and practicing a musical instrument (Blood & 
Zatorre, 2001). For example a survey completed on musicians to better understand older 
adults’ experience in making music indicated that 74% of respondents cited emotional well-
being and 20% indicated socialization benefits due to instrumental music playing (Coffman, 
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2009). Levels of socialization, mood, stress levels and other various factors addressed are 
all associated with quality of life. (See Figure 7.2 for a visual representation of the factors 
discussed earlier and their connection with quality of life).  
Professional musicians may experience these perceived benefits of playing and 
listening to musical instrumentation among other mental health domains and combat 
extraneous, environmental factors known to effect cognitive ability such social isolation, 
mental health disorders and stress. Therefore, it is important to note their potential 
interplay with our main premise of cognitive challenge being discussed throughout the 
dissertation as a key factor effecting cognitive aging.  
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Figure 7.2. 
 Breakdown of How Music Can Influence Various Categories of Quality of Life 
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Future Directions 
We have discussed at length music’s ability to influence the mind, but future 
research addressing music’s capability to influence the body and physical function, sensory 
function, pain and fatigue is merited.  
Music’s Link with Physical Function  
Research on musical activity or training and its ability to provide protection from 
cognitive impairment for older adults has begun to develop in recent years, although very 
few studies have addressed music’s influence on physical function. The potential for musical 
intervention to be associated with older adult’s physical function are further possible when 
we examine the relationship between cognitive competency with physical function in both 
population-based research and longitudinal cohort research (Clouston et al., 2013; Coppin 
et al., 2006). These associations suggest that music may provide protection of motor 
function in similar ways we have seen musical activity protect individual’s cognitive 
function. Gothe et al. (2014) showed results in this domain indicated specific connections 
between executive function and mobility, in particular older adults with better attentional 
flexibility and inhibitory control had better mobility outcomes.  
Development of preventative strategies for cognitive impairment is of particular 
importance because of the number of individuals affected by dementia and related disease, 
financial repercussions of cognition as well as effects of increased mortality that present in 
older adults with cognitive deficit. Changes in motor function occur as we age (Cristea et al., 
2011), and these changes are also important to prevent due to their associations with 
mortality and cost outcomes. For example, the absorbent cost and consequences of falls in 
our aging population (Siracuse et al., 2012). Reviews of research on physical capability of 
older adults have recorded shared results that indicate physical capability as a predictor of 
all-cause mortality (Cooper et al., 2010). Therefore, physical and cognitive functions are 
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important functional capabilities to maintain in order to prevent early mortality and 
unnecessary cost outcomes. Most of us have heard the old euphemism, “use it or lose it,” 
and research indicating that regular physical activity helps maintain muscle function and 
structure into old age confirms this statement (Zampieri et al., 2015). Even further we see 
positive associations between physical activity and cognitive function as well 
(Lautenschlager et al., 2008). Music making requires the connection between these two 
factors, physical activity (using fine motor skills during musical instrumentation) and 
mental activity. Music making is a complex cognitive process involving motor functions that 
are produced through mental translation of notes and therefore may also starve off motor 
impairment in older adults, although research on prevention of physical impairment 
through musical activity has not been examined at length.  
Musical activity has the potential to protect older adults from motor impairment 
because it is a specialized sensorimotor skill that connects a fine motor task with specific 
sound and visual patters of musical notation that play on the auditory network (Wan & 
Schlaug, 2010). The link between the bodies sensory system and motor function are 
strengthened by musical activity (Patel, 2011, p. 11). For example, musicians intently listen 
to the sounds they produce and adjust their motor function in order to produce the desired 
sound, or compensate when the sounds being produced are not correct Larger depth of the 
central sulcus in both hemispheres of the brain is recorded in musicians possibly due to 
manual motor practice, but also due to non-dominant hand use in musical practice (Wan & 
Schlaug, 2010).   
Bukowska and colleague’s (2015) recent research conducted around music’s effects 
on mobility and stability of Parkinson’s patients used music therapy techniques of 
instrumental music performance, pattern sensory enhancement and rhythmic auditory 
stimulation to practice everyday activities of balance pre-gait and gait patterns. Significant 
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improvements in spatiotemporal gait limits and sense of body position and movement were 
recorded for the experimental group in comparison to the control groups who received no 
music therapy intervention (Bukowska et al., 2015). Although these results suggest that 
music’s auditory stimulation may provide an effective training for patients suffering from 
movement disorders, they do not hone in on music’s potential to prevent those 
impairments, rather treat them after they have already presented. We will now address 
research that looks at musical activity as well as other occupations that lend towards a 
development of expertise skills in one domain in an effort to explain the potential for music 
to mitigate functional decline.  
Effects of Expertise on Outcomes of Physical Function 
Krampe and Ericsson (1996) studied maintenance of music related motor tasks in 
old adult pianists and found that those with expertise levels were able to maintain motor 
function in musical related tasks despite age related decline in general processing speed. 
Similar results have been indicated for expert typists, as they were able to preserve optimal 
function into older adulthood on typing tasks, although the effect that expertise individuals 
possessed did not aid in preserving general psychomotor function (Salthouse, 1984). 
Bosman (1993; 1994) completed a series of studies looking at participant’s typing skills into 
old age as well and found that older adult expert typists did not exhibit deficits among the 
motor components of typing, but that amateur typists did show deficits in the motor 
domain. The results of these studies both among expert musicians and non-musicians may 
be apparent due to repeated practice and rehearsal of their psychomotor skills, as well as 
compensatory strategies. Although these studies prove contrary to the thought that most 
experts experience age-related declines in skilled performance that are inevitable, it does 
not give us any insight into the effects of musical training on everyday motor function, that 
extend beyond musical and secretariat domains. Such everyday motor skills/tasks could 
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include buttoning a shirt or cutting an onion in the kitchen. Randomized control trials on 
general cognitive training interventions indicate that cognitive training programs produce 
small benefits for motor functions in instrumental activities of daily living (IADLs) (Ball et 
al., 2002; Willis, 2010). These results confirm that cognitive training programs can enhance 
motor function in everyday tasks and cognitive training through musical activity may be 
able to enhance this effect due to the connections and coordination between cognitive and 
motor domains that are required in musical tasks.  Ball and colleagues (2002) study that 
used measures of IADLs to test the effects of cognitive training on motor function provide us 
with insight into prospective measures that musicians can be tested on to determine 
music’s effects on physical function. Fine motor activity is the primary type of physical 
activity carried out by musicians when they play instruments and is also essential in 
carrying out IADLs. For example, the IADL of medication management requires older adults 
to open up medicine caps. Testing musician’s fine motor skills through ability to complete 
IADLs may give us further insight into music’s ability to mitigate motor function deficits.  
Effects of Musical Activity Translatable to Non-Musical Motor Tasks 
The potential for the effects of musical ability to be translatable to non-musical 
everyday tasks have been researched among cognitive domains, but not physical domains. 
Meinz’s (2000) study examined if musical experience was related to reductions in the 
association between age and cognition. The study examined effects of a domain specific 
task, but examined the relationship between age and cognition, not age and motor function 
and also looked at everyday general cognitive ability, not maintenance of cognitive abilities 
associated with music. Meinz’s (2000) results indicating that high levels of musical 
experience reduce age related effects on most cognitive tasks in older adults may open 
avenues for new research to address whether musical experience can reproduce the same 
results in motor function for non-musical tasks. If older adult expert musicians such as 
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those in Krampe & Ericsson’s (1996) study can perform on similar levels to that of young 
expert pianist than the prospect for older adults to perform various non-musical tasks at 
that same level may be achievable. If research indicates that cognitive decline can be 
mediated by musical experience and activity (Gooding et al., 2014; Grant & Brody, 2004; 
Hall et al., 2009; Hanna-Pladdy & MacKay, 2011), and cognitive deficits can be predictive of 
physical function investigation to determine if music also can mediate physical deficits that 
older adults are prone to develop may be innovative and promising in future work on 
music’s protective mechanisms.   
Music, Pain, Gene Expression and Fatigue  
In clinical settings such as hospitals, music has been effective in providing 
procedural support for patients undergoing painful and anxiety provoking medical 
procedures (Yinger & Gooding, 2015). The application of music intervention on pain 
management during palliative care may be a potentially important and effective area of 
research for the aging U.S. population suffering from primarily from chronic conditions due 
to progressions in health care. In particular music can lower requirements for the use of 
opioid drugs for post-operation pain (Cepeda, Carr, Lau, & Alvarez, 2006). These effects link 
music with reductions of negative physical (pain) and mental (anxiety) health outcomes. 
Music’s ability to affect an individual’s pain and anxiety could be related to production of 
the chemicals that produce a stress response. Recreational music making is shown to 
reduce stress hormones such as cortisol and buffer the stress response (Chanda & Levitin, 
2013). Another scenario where music is used in a clinical setting to elevate pain is during 
childbirth (Taylor, 2010, p. 57). Music is thought to reduce anxiety about and anticipation of 
pain during labor; level of anticipation and anxiety about pain is linked with the actual 
threshold of pain that the individual experience during the medical experience.  
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Music has been shown to modify biological or physical wellness factors such as 
heart rate and respiration rate (Chanda & Levitin, 2013) and recently in connection to these 
responses music making has been linked to biological gene expression pathways in patients 
with coronary heart disease (Bittman et al., 2013). These results are important to physical 
wellness because heart health is intricately linked with general physical health.  
Not everyone will find himself or herself battling a disease or a disability or in a 
scenario where they are trying to reduce pain and anxiety in a hospital or clinical setting, 
although one music wellness outcome that is relatable to everyone at one point or another 
is fatigue. Lim, Miller & Fabian (2011) found that therapeutic instrumental music playing 
decreases perceived fatigue level of music players and also decreases the rate of perceived 
exertion. Music in all of these studies works on our mind so that our body can produce more 
favorable or productive outcomes, coping mechanisms and perceptions of how we 
physically feel. This can be very powerful for individuals so that they are able to cope with 
human body restraints that we cannot overcome. Future studies further examining music 
and fatigue could be highly marketable to an ever exhaustive over worked work force and 
inform potentially influence quality of life of populations.  
 Future directions of this research not targeted towards a specific domain (e.g. 
physical ability, pain, gene expression) included examining dose effect and working 
backwards on the music engagement scale. In order to create future cognitive training 
methods focused on music we first need to know how much music exposure or training is 
needed to sustain cognitive benefit. In an effort to look at a controlled interaction between 
cognition and music we examined professional orchestral musicians, although comparison 
of these musicians with those musicians placed lower on the music engagement scale (e.g. 
music soloists) is needed. If results suggest that professional orchestral musicians who have 
engagement with polyphonic music do not have significantly higher cognitive scores as 
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those who play professionally as soloists, then polyphonic music engagement may not be 
necessary to provide cognitive protection.  
Conclusions 
The majority of studies measuring music wellness are examining effects of music 
once a disability, decline or disease is apparent among the targeted population. Research on 
music’s preventative effects is starting to emerge, as indicated above, but is still scare. More 
research is needed to determine if playing a musical instrumentation can provide 
protection before decline and disease states becomes apparent in mental and physical 
function and also if it can push back onset of disease when genetic components make 
disease probable or inevitable.   
The connections between various fields of academic discipline mentioned by 
Hillecke and colleagues (2005) framework may give us insight into how and why music 
instrumentation is correlated with empirically observed wellness outcomes. Although the 
studies mentioned above indicate positive outcome measures linked with music 
instrumentation, we still do not fully understand how music promotes wellness in mental 
and physical health domains. Using a multidisciplinary foundation to investigate 
hypothetical frameworks aiming to clarify this relationship (for example a musician’s 
enhanced ability to recruit attentional resources due to repeated music practice) may 
facilitate discovery of new methods aimed towards protection of decline, disability and 
disease, especially among older adults.  
 This study showed that music is powerful and gave support for future research to 
examine music’s protective effects. Failed efforts to discover drugs that protect us from 
cognitive decline merit research focusing on noninvasive methods aimed at behavioral 
intervention. Clinical application of research results indicating cardiovascular disease is 
caused by obesity are realized when doctors prescribe behavioral regiments of challenging 
 
 259 
exercises, increases in general activity levels and healthy diets. Unfortunately, the same 
clinical application of results suggesting cognitive challenge promotes brain health, are not 
taken into consideration when patients express concerns about or symptoms of cognitive 
decline and disease. Alzheimer’s disease, the most common form of cognitive impairment is 
the only health condition among the list of top ten killers that is not preventable or 
treatable. Alternative research methods and clinical application of results suggesting 
behavioral changes to combat cognitive disease are imperative. Using multi-disciplinary, 
novel approaches within this research outlet may facilitate the process of discovery of 
protective mechanism of cognitive impairment. 
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Appendices 
Appendix A  
Consent Form  
 
      For ORI Use Only: 
 
 
 
 
Consent to Participate in a Research Study  
The Power of Music: The Relationship between Professional Musicianship and 
Cognition  
WHY ARE YOU BEING INVITED TO TAKE PART IN THIS RESEARCH? 
You are being invited to take part in a research study examining the effects musical training 
can have on cognitive ability as adults age so that we may be able to reduce rates of age 
related cognitive decline in older adults. You are being invited to take part in this research 
study because you are a member of a philharmonic orchestra or a retired member of a 
philharmonic orchestra in the surrounding targeted areas (Lexington, Louisville, Cincinnati, 
Dayton) If you volunteer to take part in this study, you will be one of about 70 people to do 
so  
WHO IS DOING THE STUDY? 
The person in charge of this study is Catherine Schneider of University of Kentucky, 
Department of Gerontology. Catherine Schneider is Ph.D. student being guided in this 
research by John Watkins, Ph.D. and Yang Jiang, Ph.D. There may be other people on the 
research team assisting at different times during the study.  
WHAT IS THE PURPOSE OF THIS STUDY? 
The purpose of the study is to gain a profile of professional musicians entailing cognitive 
ability on various domains and electroencephalogram (EEG) signatures. By doing this study, 
we hope to learn why musicians don’t display age-related cognitive decline as often or as 
great as their non-musician peers and how career musicians may be protected from this 
decline. 
ARE THERE REASONS WHY YOU SHOULD NOT TAKE PART IN THIS STUDY? 
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You should not take part in the study if you are under the age of 40 or if you have had head 
trauma, or have an infectious, disease, endocrine function deficiencies or any other 
neurological or psychiatric condition that would affect cognition (e.g. Dementia, Alzheimer’s 
Disease). You should not take part in the study if you are taking specific medications that 
would affect cognitive function.  
WHERE IS THE STUDY GOING TO TAKE PLACE AND HOW LONG WILL IT LAST?  
The research procedures will be conducted at the University of Kentucky Medical 
Behavioral Science Laboratory on the University of Kentucky’s campus or if living outside 
the Lexington area at your home. You will need to come University of Kentucky, Department 
of Behavioral Science, 133 Medical Behavioral Science Building, Lexington, KY 40536-0086 
or if living outside the Lexington area we will come to your home one time during the study. 
The total amount of time you will be asked to volunteer for this study is about two hours 
during one visit.  
WHAT WILL YOU BE ASKED TO DO? 
First, we will ask you to read and sign this form if you agree to complete this study. First the 
Montreal Cognitive Assessment (MoCA) will be administered through pencil and paper and 
will be given as a screening test to ensure you have normal cognitive ability and do not 
show signs of mild cognitive impairment or Alzheimer’s disease, which will allow us to 
insure you meet inclusion criteria. Then initial questionnaires will be given to you prior to 
cognitive screening. Initial data from these questionnaires will include demographic 
information, such as your sex and education level and then we will ask you to fill out a 
music history questionnaire, which will give us information about your music life and 
career.  
 Once questionnaires are completed then further data about cognitive ability will be 
collected from you by administering cognitive tasks. Following completion of this cognitive 
screening data will be collected through cognitive performance tasks measuring executive 
functioning. The Trail A and B task, as well as the Fluency7 and 8 will be administered using 
pencil and paper to measure cognitive flexibility and the Digit Symbol task will be used to 
test processing speed. The Trail A and B task is a neuropsychological test requiring you to 
recognizes letters. Trail A test measures your ability to connect 25 numbered circles in 
ascending order. Part B of the trail A and B task will consist of 13 numbers and 12 letters 
that have to be connected in numerical and alphabetical order. During the Fluency 7 task 
you will be presented with rows of numbers and asked to cross out specific assigned 
numbers. You will cross out as many of those assigned numbers as you can during an 
allotted time. The Digit Symbol task will have a key on the top of the paper consisting of 
various numbers with corresponding symbols under each. You will be asked to fill in the 
boxes below that each have numbers in them and a blank box above them where you will 
use the key to draw in the corresponding symbol that matches the number presented 
according to the key. Then you will complete the Bluegrass working memory task on a 
computer with the use of a keyboard to measure working memory and attention. The 
Bluegrass working memory task will be completed while wearing the portable Emotiv 
EPOCH headset so that electrophysiological activity can be recorded during the task. During 
this task you will be asked to hold a sample target image in your working memory and 
indicate if the subsequent image is a match or non-match distractor. You will indicate this 
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by pressing a button on a keyboard while your memory performance is recorded on a 
computer program. 
First the headset is set up and turned on then a resting state EEG will be recorded for a total 
of two minutes to obtain a baseline recording of brain activity before your brain is 
concentrated on the working memory task. After a resting state EEG recording is complete 
the machine will be turned off and back on so that next your electrophysiological activity 
can be recorded during the Bluegrass Working Memory task. When the resting state and 
working memory task EEG activity are recorded using the headset it will be taken off. When 
you have finished the cognitive testing and EEG signatures are recorded the data collection 
process will be complete.  
WHAT ARE THE POSSIBLE RISKS AND DISCOMFORTS? 
There are no known risks to completing EEG measures. The only potential risk is breach of 
confidentiality. In order to minimize any potential risk, we will de-identify all participant 
information. Data will be stored on a locked, passcode-protected computer and in the case 
of hard copy pencil and paper recording of information in a locked file cabinet. Safety 
precautions will also be added during travel; signed consents and data collected during 
testing will be enclosed in a zipped file in a brief case in a locked car and transported 
immediately to the locked file cabinet when returning back to Lexington if you complete the 
study in your home.  
WILL YOU BENEFIT FROM TAKING PART IN THIS STUDY? 
There is no guarantee that you will get any personal benefit from taking part in this study, 
however, your willingness to take part, may, in the future, help scientists better understand 
cognitive impairment and methods to prevent age-related cognitive decline in older adults.  
DO YOU HAVE TO TAKE PART IN THE STUDY? 
If you decide to take part in the study, it should be because you really want to volunteer.  
You will not lose any benefits or rights you would normally have if you choose not to 
volunteer.  You can stop at any time during the study and still keep the benefits and rights 
you had before volunteering.   
IF YOU DON’T WANT TO TAKE PART IN THE STUDY, ARE THERE OTHER CHOICES? 
If you do not want to be in the study, there are no other choices except not to take part in 
the study. 
 
WHAT WILL IT COST YOU TO PARTICIPATE? 
There will be no cost that you are responsible for to participate in this study.  
WHO WILL SEE THE INFORMATION THAT YOU GIVE? 
This study is confidential. We will make every effort to keep confidential all research 
records that identify you to the extent allowed by law. 
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Your information will be combined with information from other people taking part in the 
study. When we write about the study to share it with other researchers, we will write 
about the combined information we have gathered. You will not be personally identified in 
these written materials. We may publish the results of this study; however, we will keep 
your name and other identifying information private.  
We will make every effort to prevent anyone who is not on the research team from knowing 
that you gave us information, or what that information is. We will keep unidentifiable data 
in a locked file cabinet for paper and pencil test or in a password-protected computer that 
only the PI has access to.  
You should know, however, that there are some circumstances in which we may have to 
show your information to other people. For example, the law may require us to show your 
information to a court or to tell authorities if you report information about a child being 
abused or if you pose a danger to yourself or someone else. Officials from the University of 
Kentucky may look at or copy pertinent portions of records that identify you.  
CAN YOUR TAKING PART IN THE STUDY END EARLY? 
If you decide to take part in the study, you still have the right to decide at any time that you 
no longer want to continue. You will not be treated differently if you decide to stop taking 
part in the study. 
ARE YOU PARTICIPATING, OR CAN YOU PARTICIPATE IN ANOTHER RESEARCH STUDY 
AT THE SAME TIME AS PARTICIPATING IN THIS ONE? 
You may take part in this study if you are currently involved in another research study.  It is 
important to let the investigator/your doctor know if you are in another research study.  
You should also discuss with the investigator before you agree to participate in another 
research study while you are enrolled in this study. 
WHAT HAPPENS IF YOU GET HURT OR SICK DURING THE STUDY? 
If you believe you are hurt or if you get sick because of something that is due to the study, 
you should call Catherine Schneider at (859) 496-4191 immediately. It is important for you 
to understand that the University of Kentucky does not have funds set aside to pay for the 
cost of any care or treatment that might be necessary because you get hurt or sick while 
taking part in this study. Also, the University of Kentucky will not pay for any wages you 
may lose if you are harmed by this study. You do not give up your legal rights by signing this 
form. 
WILL YOU RECEIVE ANY REWARDS FOR TAKING PART IN THIS STUDY? 
You will receive a $20 Starbucks gift card for taking part in this study. You will receive the 
full amount of the gift card at the time of participation. Participants who choose not to 
complete the study will receive half of the $20 dollars ($10 dollars) as a prorated rate. 
WHAT IF YOU HAVE QUESTIONS, SUGGESTIONS, CONCERNS, OR COMPLAINTS? 
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Before you decide whether to accept this invitation to take part in the study, please ask any 
questions that might come to mind now.  Later, if you have questions, suggestions, concerns, 
or complaints about the study, you can contact the investigator, Catherine Schneider at 
(859) 496-4191. If you have any questions about your rights as a volunteer in this research, 
contact the staff in the Office of Research Integrity between the business hours of 8am and 
5pm EST, Mon-Fri at the University of Kentucky at 859-257-9428 or toll free at 1-866-400-
9428. We will give you a signed copy of this consent form to take with you. 
 
POTENTIAL FUTURE USE  
 
Contacting Research Subjects for Future Studies 
 
Do you give your permission to be contacted in the future by Catherine Schneider regarding 
your willingness to participate in future research studies about how to prevent, detect, or 
treat cognitive impairment?   
   Yes     No  _________Initials 
 
 
 
WHAT ELSE DO YOU NEED TO KNOW? 
There is a possibility that the data collected from you may be shared with other 
investigators in the future.  If that is the case the data will not contain information that can 
identify you unless you give your consent/authorization or the UK Institutional Review 
Board (IRB) approves the research.  The IRB is a committee that reviews ethical issues, 
according to federal, state and local regulations on research with human subjects, to make 
sure the study complies with these before approval of a research study is issued. 
 
 
_____________________________________________                   ____________ 
Signature of person agreeing to take part in the study            Date 
  
_____________________________________________ 
Printed name of person agreeing to take part in the study 
  
_____________________________________________         ____________ 
Name of [authorized] person obtaining informed consent           Date 
  
_________________________________________ 
Signature of Principal Investigator or Sub/Co-Investigator   
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Appendix B 
Data Collection Form  
 
The Relationship Between Music and Cognition in Older Adults: EEG Data Collection 
 
Demographics  
 
PARTICIPANT CODE: _________________________DATE: ________________TIME: _______________ 
 
RESEARCHERS _______________________________________________________________________________ 
 
FILE NAMES __________________________________________________________________________________ 
 
SEX:  M /F   AGE: _______________ RACE: ____________________ Handedness: _________________ 
 
 
Inclusion/Exclusion 
 
Consent form signed?    Y / N   Ever diagnosed with any form of Dementia?   Y / N   
 
Older than 40 years of age?   Y/ N Current or former professional musician?   Y / N  
 
Medications: _________________________________________________________________________________ 
 
Orchestra(s) played in ______________________________________________________________________ 
 
 
Notes:    
_________________________________________________________________________________________________________
_________________________________________________________________________________________________________
_________________________________________________________________________________________________________ 
_________________________________________________________________________________________________________
_________________________________________________________________________________________________________
_________________________________________________________________________________________________________ 
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Strength of signal:  
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Appendix C 
Demographic Information and Music History Questionnaire  
 
Questionnaire A.  
Demographic information 
 
1. What is your year of birth____________________________________ 
 
2. Please specify your sex.  
a. Male 
b. Female  
 
3. What is your primary race? 
a. American Indian or Alaska Native  
b. Asian  
c. Black or African American  
d. White  
e. Native Hawaiian or other Pacific Islander  
f. Other  
 
4. Are you Hispanic or Latino? 
a. Yes  
b. No  
 
5. What is your marital status? 
a. Married 
b. Separated  
c. Divorced 
d. Widowed  
e. Single, never married  
 
6. Which is your dominant hand? 
a. Left  
b. Right 
 
7. Please list any medications that you are currently taking. 
 
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________________________________________
_________________________________________________________________ 
 
8. What is the highest level of education completed by your father? 
a. Less than 12 years of education  
b. High school/General Education Diploma (GED)  
c. Some college/AA degree/tech school  
d. College graduate  
e. Graduate degree  
 
 268 
 
9. What is the highest level of education completed by your mother? 
a. Less than 12 years of education  
b. High school/General Education Diploma (GED)  
c. Some college/AA degree/tech school  
d. College graduate  
e. Graduate degree  
 
10. What is the highest level of education that you have completed?   
a. Less than 12 years of education  
b. High school/General Education Diploma (GED)  
c. Some college/AA degree/tech school  
d. College graduate  
e. Graduate degree  
 
11. How would you describe the financial status of the home in which you grew up?  
a. More than enough to get by 
b. Just enough to get by 
c. Struggle to get by 
 
12. How would you describe the financial status of the home you currently live in?  
a. More than enough to get by  
b. Just enough to get by 
c. Struggle to get by  
 
Questionnaire B.  
Musical Background questionnaire  
 
1. Did your mother, father or primary guardian play a musical instrument, recreationally? 
a. Yes  
b. No  
c. n/a 
 
2. Did your mother, father or primary guardian have a musical career (a person who 
makes at least part of their annual income by playing music)? 
a. Yes  
b. No  
c. n/a 
 
3. Do any of your siblings play an instrument? 
a. Yes  
b. No  
c. n/a 
 
4. Do any of your siblings have a musical career?  
a. Yes  
b. No 
c. n/a 
 
5. At what age did you start private music lessons?  ____________________________________ 
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6. How many years of private music lessons have you received in total throughout your 
life? __________________________________________ 
 
7. Did your K-8 education (during school) include music education? 
a. Yes  
b. No  
 
8. Did your high school education (during school) include music education? 
a. Yes  
b. No  
 
9. What types of music education did you receive in school? 
a. Band  
b. Chorus 
c. Orchestra  
d. Other  
e. n/a  
 
10. Did you pursue a musical degree in college?  
a. Yes  
b. No 
c. n/a  
 
11. Rate the level of support you received to pursue a musical career in your youth on a 
scale from zero to four for the following categories: 
  
Zero meaning you received no support to purse a musical career and four meaning you were 
greatly supported in pursuing a musical career. 
 
a) Emotional support 
 
    1             2        3   4             5 
None          A little               Some of       Most of the    All of the   
of the time        of the time            the time        time   time  
 
b) Tangible financial support  
 
        1             2        3   4             5 
None          A little               Some of       Most of the    All of the   
of the time        of the time            the time        time   time  
 
c) Active encouragement  
 
    1             2        3   4             5 
None          A little               Some of       Most of the    All of the   
of the time        of the time            the time        time   time  
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12. How many years have you been playing  
the instrument that you play in the orchestra? ________________________________ 
 
13. Please describe your work status within the orchestra. 
a. Currently working 
b. Retired  
c. Never worked  
 
14. How long have you been retired from the orchestra?  
Specify (n/a) if not applicable. _____________________________________ 
 
15. What orchestra(s) did you/do you belong to?  
 
_________________________________________________________________________________ 
       
 
16. How many years have you worked for an orchestra? ______________________ 
 
17. What type of instrument do/or did you primarily play in the orchestra?  
a. Strings 
b. Woodwinds 
c. Brass 
d. Percussion 
 
a) What is the specific name of the primary instrument you play(ed) in the orchestra? 
_________________________________________________________________________________________ 
 
b) Do you play any secondary instrument in the orchestra? If so, which one(s)? 
_________________________________________________________________________________________ 
18. Estimate the average amount of time you spend practicing your primary musical 
instrument on a weekly basis (in hours). ________________________    
   
 
19. Estimate the average amount of time you spend performing your musical instrument 
on a weekly basis (in hours).  
 
_________________________________________________________________________________________ 
 
20. As an adult rate the level of support you have received to pursue a musical career.  
 
Zero meaning you received no support to purse a musical career and four meaning you were 
greatly supported in pursuing a musical career. 
 
 
    1             2        3   4             5 
None          A little               Some of       Most of the    All of the   
of the time        of the time            the time        time   time  
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21. What are the most difficult parts of playing your instrument?  
 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
22. What makes playing your instrument unique from playing other instruments? 
 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
 
23. Describe the process you went through to go from never playing an instrument to 
becoming a professional musician.  
 
 
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________
_____________________________________________________________________________________________________ 
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 Appendix D. 
 MoCA Cognitive Screening Tool  
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 Appendix E. 
Trail A Cognitive Performance Task 
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Appendix F. 
Trail B Cognitive Performance Task 
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Appendix G. 
Digit Symbol Substitution Cognitive Performance Task 
 
 
 
2
7
7
 
Appendix H. 
Ruff 2 & 7 Cognitive Performance Task  
 
 
 
2
7
8
 
 
 
 
2
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9
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Appendix I. 
Bluegrass Working Memory Task 
 
 
*Pictures of Electronic Bluegrass Working Memory task.  
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Appendix J. 
EEG Preparation Instructions 
 
This process included soaking the felt pads of the 16 electrodes in mild (0.4-0.9%) 
ionic solution for a least 10 minutes prior to use. RENU multi-purpose contact lens solution, 
which is isotonic and contains a mild antimicrobial agent was used in this experiment. The 
proctor of the exam ensured the headset was turned on by sliding the orange button on the 
back of the headset to the center. The proctor put on gloves and opened the box removing 
each electrode by twisting it to the left (counterclockwise) and removing any liquid on the 
gold end with a tissue. Each electrode was inserted into the holders or sockets on the 
headset and twisted to the right clockwise. Gloves were then removed and kept until the 
end of the experiment for cleanup purposes, where the proctor made sure excess solution 
used to wet the electrodes was removed and the electrodes were put back into their 
carrying case. Next the headset was turned on and the KEY (jump drive) was plugged into 
the computer to ensure that data could be recorded from the brain. Once the headset was 
set up and turned on pre-intervention resting state EEG recordings were completed for a 
total of two minutes to obtain a baseline recording for participants before their brains are 
concentrated on the working memory task. After a resting state EEG recording was 
complete, brain activity during the Bluegrass Working Memory task was recorded.  
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Appendix K. 
T7 and T8 Tables 
 
List of Partial Correlations between each EEG Channel and Frequency Wave Recorded During 
Resting State recordings and each Predictor Variable adjusted for Age, Education and Sex.   
 
 No. of 
years 
Private 
Lesson 
Lesson 
Acquisitio
n  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
A1 
Gamma T7 
0.246 -0.315 -0.111 0.094 0.055 0.077 
A1 
Gamma T8 
-0.022 0.193 0.032 0.015 -0.156 0.234 
A1 
Theta T7 
0.358 -0.418* -0.003 0.148 0.001 0.098 
A1 
Theta T8 
0.418* 0.038 0.144 0.193 -0.024 0.248 
A1 
Alpha T7 
0.292 -0.399* -0.031 0.073 0.050 0.019 
A1 
Alpha T8 
0.019 0.231 0.110 -0.012 -0.106 0.069 
A1 
Beta T7 
0.181 -0.166 -0.164 0.122 0.069 0.100 
A1 
Beta T8 
-0.086 0.239 -0.030 0.022 -0.183 0.222 
 
 No. of 
years 
Private 
Lesson 
Lesson 
Acquisitio
n  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
A2 
Gamma T7 
0.148 -0.268 0.080 0.117 -0.099 0.082 
A2 
Gamma T8 
-0.117 0.177 -0.007 0.078 -0.068 0.076 
A2 
Theta T7 
0.461* -0.546** 0.185 0.079 -0.368 0.022 
A2 
Theta T8 
0.133 -0.135 -0.373 -0.014 0.122 -0.131 
A2 
Alpha T7 
0.376 -0.571** 0.137 0.037 -0.313 -0.022 
A2 
Alpha T8 
-0.009 0.049 -0.125 0.060 -0.006 -0.008 
A2 
Beta T7 
0.238 -0.479* 0.031 0.080 -0.162 0.039 
A2 
Beta T8 
-0.082 0.076 -0.164 0.042 0.027 0.022 
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No. of 
years 
Private 
Lesson 
Lesson 
Acquisitio
n  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
Eyes Closed 
Gamma T7 
-0.183 0.208 0.079 -0.065 -0.163 0.123 
Eyes Closed 
Gamma T8 
-0.247 0.240 0.100 -0.073 -0.168 0.084 
Eyes Closed 
Theta T7 
0.263 -0.277 -0.088 0.250 -0.165 0.396* 
Eyes Closed 
Theta T8 
0.179 -0.310 -0.107 0.151 0.043 0.152 
Eyes Closed 
Alpha T7 
0.079 -0.088 0.046 0.151 -0.274 0.250 
Eyes Closed 
Alpha T8 
-0.145 0.118 0.166 0.109 -0.266 0.198 
Eyes Closed 
Beta T7 
-0.135 0.171 0.077 -0.036 -0.217 0.177 
Eyes Closed 
Beta T8 
-0.229 0.226 0.098 -0.064 -0.170 0.114 
 
 No. of 
years 
Private 
Lesson 
Lesson 
Acquisitio
n  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
Eyes Open 
Gamma T7 
-0.141 0.186 0.103 0.025 -0.280 0.068 
Eyes Open 
Gamma T8 
-0.204 0.241 0.058 -0.060 -0.143 0.090 
Eyes Open 
Theta T7 
0.115 0.018 0.042 0.136 -0.032 0.021 
Eyes Open 
Theta T8 
0.032 0.048 -0.084 0.014 -0.038 -0.217 
Eyes Open 
Alpha T7 
-0.035 0.150 0.297 0.037 -0.619 -0.032 
Eyes Open 
Alpha T8 
-0.171 0.358 0.126 -0.096 -0.271 -0.157 
Eyes Open 
Beta T7 
-0.112 0.200 0.178 0.034 -0.432* 0.003 
Eyes Open 
Beta T8 
-0.220 0.274 0.054 -0.080 -0.163 0.042 
 
 No. of 
years 
Private 
Lesson 
Lesson 
Acquisitio
n  
Years 
Worked 
for 
Orchestra  
Average 
Hours of 
Practice  
No. of 
Years 
Retired 
No. of 
Years 
Played 
Imagine 
Gamma T7 
-0.163 0.246 0.070 -0.029 -0.122 0.094 
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Imagine 
Gamma T8 
-0.196 0.230 0.047 -0.057 -0.132 0.095 
Imagine 
Theta T7 
0.429 -0.201 0.100 0.316 0.051 0.024 
Imagine 
Theta T8 
0.221 -0.278 -0.040 0.110 0.169 -0.112 
Imagine 
Alpha T7 
0.336 0.125 0.366 0.447* -0.196 0.114 
Imagine 
Alpha T8 
-0.313 0.309 0.241 -0.024 -0.239 -0.056 
Imagine 
Beta T7 
-0.102 0.246 0.105 0.031 -0.139 0.116 
Imagine 
Beta T8 
-0.210 0.255 0.054 -0.076 -0.145 0.092 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.
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F Values for Test of Between-Subjects Effects using ANCOVA Analysis between EEG Signatures 
During Imagine Exercise Recordings and Predictor Variables While Controlling for Education, 
Age and Sex 
 
 Work Status Type of Instrument Hornbostel Sachs 
Classification  
A1 
Gamma T7 
2.057 1.402 0.129 
A1 
Gamma T8 
0.013 0.642 0.459 
A1 
Theta T7 
1.263 0.715 0.014 
A1 
Theta T8 
0.015 1.094 0.440 
A1 
Alpha T7 
2.079 0.899 0.047 
A1 
Alpha T8 
0.007 0.249 0.252 
A1 
Beta T7 
1.691 1.291 0.211 
A1 
Beta T8 
0.119 0.958 0.456 
 
 Work Status Type of Instrument Hornbostel Sachs 
Classification  
A2 
Gamma T7 
0.074 0.742 0.117 
A2 
Gamma T8 
0.021 0.321 0.106 
A2 
Theta T7 
0.009 0.441 0.006 
A2 
Theta T8 
1.536 0.666 0.051 
A2 
Alpha T7 
0.022 0.579 0.097 
A2 
Alpha T8 
0.275 0.252 0.416 
A2 
Beta T7 
0.275 1.136 0.068 
A2 
Beta T8 
0.432 0.572 0.402 
    
 Work Status Type of Instrument Hornbostel Sachs 
Classification  
Eyes Closed 
Gamma T7 
0.893 1.334 0.923 
Eyes Closed 
Gamma T8 
1.298 1.798 1.633 
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Eyes Closed 
Theta T7 
0.157 2.197 3.739* 
Eyes Closed 
Theta T8 
0.001 3.212* 3.441* 
Eyes Closed 
Alpha T7 
1.072 0.663 1.318 
Eyes Closed 
Alpha T8 
3.817 0.094 0.061 
Eyes Closed 
Beta T7 
1.200 0.736 0.397 
Eyes Closed 
Beta T8 
1.305 1.505 1.365 
 
 Work Status Type of Instrument Hornbostel Sachs 
Classification  
Eyes Open 
Gamma T7 
1.167 1.712 1.271 
Eyes Open 
Gamma T8 
0.659 2.803 2.529 
Eyes Open 
Theta T7 
0.869 0.624 0.380 
Eyes Open 
Theta T8 
0.239 0.619 0.553 
Eyes Open 
Alpha T7 
3.851 0.707 0.975 
Eyes Open 
Alpha T8 
0.649 1.754 2.783 
Eyes Open 
Beta T7 
1.512 1.450 1.647 
Eyes Open 
Beta T8 
0.606 3.242* 3.409* 
 
 Work Status Type of Instrument Hornbostel Sachs 
Classification  
Imagine 
Gamma T7 
0.717 2.674 2.392 
Imagine 
Gamma T8 
0.705 2.216 2.086 
Imagine 
Theta T7 
0.023 0.702 1.089 
Imagine 
Theta T8 
0.626 2.227 1.969 
Imagine 
Alpha T7 
2.230 1.204 0.770 
Imagine 
Alpha T8 
0.826 0.410 0.462 
Imagine 
Beta T7 
0.968 3.108* 2.532 
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Imagine 
Beta T8 
0.708 2.199 2.204 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001 
 
 
2
8
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Pearson’s R: Potential Relationship between Neuropsychological Exams Scores and EEG Recordings Taken During Music Imagine Exercise 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
A1 
Gamma 
T7 
-0.0546 
 
-0.0765 
 
0.0303 
 
-0.0195 -0.0067 
 
0.0019 
 
-0.0613 
 
-0.1756 
 
A1 
Gamma 
T8 
-0.0493 
 
0.0625 
 
-0.0103 
 
-0.1733 
 
-0.0371 
 
0.2981 
 
0.1752 
 
-0.1378 
 
A1 
Theta T7 
-0.2271 
 
0.0862 
 
0.4086* 
 
0.0376 -0.0199 
 
-0.108 
 
-0.0925 
 
-0.2852 
 
A1 
Theta T8 
-0.2672 
 
0.138 
 
0.2033 
 
-0.0256 -0.2621 
 
0.263 
 
-0.2845 
 
-0.0904 
 
A1 
Alpha T7 
-0.1226 
 
-0.0497 
 
0.3225 
 
0.1679 
 
0.1087 
 
-0.213 
 
-0.1525 
 
-0.3216 
 
A1 
Alpha T8 
-0.0526 
 
0.1378 
 
0.4733* 
 
-0.2644 
 
-0.1611 
 
0.1739 
 
-0.1181 
 
0.222 
 
A1 
Beta T7 
-0.0778 
 
-0.0546 
 
0.1472 
 
0.0522 0.0368 -0.0885 
 
-0.1271 
 
-0.245 
 
A1 
Beta T8 
-0.0249 
 
0.1449 
 
0.2002 
 
-0.3388 
 
-0.1356 
 
0.2756 
 
0.0957 
 
0.0239 
 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
A2 
Gamma 
T7 
-0.1068 
 
-0.0033 
 
-0.0706 
 
0.0968 
 
0.0578 
 
0.1016 
 
0.0555 
 
-0.4392* 
 
A2 
Gamma 
T8 
-0.0717 
 
-0.0705 
 
-0.0210 
 
-0.0005 0.0436 
 
0.248 
 
0.1324 
 
-0.2879 
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A2 
Theta T7 
0.0073 
 
0.1581 
 
0.3055 
 
0.0744 
 
0.0888 
 
-0.0278 
 
-0.1292 
 
-0.318 
 
A2 
Theta 8 
-0.0442 
 
0.0529 
 
0.2846 
 
0.0177 0.0542 
 
-0.188 
 
0.0334 
 
-0.0307 
 
A2 
Alpha T7 
0.0896 
 
0.0593 
 
0.2136 
 
0.137 
 
0.1633 
 
-0.1612 
 
-0.1368 
 
-0.3361 
 
A2 
Alpha T8 
0.1095 
 
-0.0595 
 
0.4928 
 
-0.0493 0.0800 
 
-0.2805 
 
-0.0648 
 
0.1171 
 
A2 
Beta T7 
-0.0181 
 
0.0264 
 
0.0408 
 
0.0854 0.0782 
 
0.0066 
 
-0.0533 
 
-0.4308* 
 
A2 
Beta T8 
0.0688 
 
-0.1201 
 
0.1975 
 
-0.1244 
 
0.0259 
 
0.0005 0.0625 
 
-0.1505 
 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
Eyes 
Closed 
Gamma 
T7 
-0.0692 
 
0.0822 
 
-0.0922 
 
-0.2469 
 
-0.2692 
 
0.1165 
 
 
0.1428 
 
-0.1159 
 
Eyes 
Closed 
Gamma 
T8 
-0.0890 
 
0.0654 
 
-0.0910 
 
-0.2649 
 
-0.2528 
 
0.1647 
 
0.1639 
 
-0.1484 
 
Eyes 
Closed 
Theta T7 
0.2005 
 
0.0434 
 
-0.1568 
 
0.2681 
 
0.342 
 
-0.1415 
 
0.1477 
 
-0.0212 
 
Eyes 
Closed 
Theta T8 
0.2532 
 
-0.0946 
 
-0.0777 
 
0.3724* 
 
0.4643* 
 
-0.2398 
 
0.0312 
 
-0.0714 
 
Eyes 
Closed 
Alpha T7 
0.2532 
 
0.0676 
 
-0.2033 
 
0.1239 
 
0.2658 
 
 
-0.2467 
 
0.2605 
 
0.0768 
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Eyes 
Closed 
Alpha T8 
0.0843 
 
0.2008 
 
-0.0937** 
 
-0.319 
 
-0.1012 
 
-0.0162 
 
0.2558 
 
0.2652 
 
Eyes 
Closed 
Beta T7 
-0.0397 
 
0.1285 
 
 
-0.131 
 
-0.1904 
 
-0.1842 
 
 
0.0658 
 
0.1749 
 
-0.0652 
 
Eyes 
Closed 
Beta T8 
-0.0576 
 
0.0934 
 
-0.0891 
 
-0.3067 
 
-0.2722 
 
0.1441 
 
0.166 
 
-0.0874 
 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
Eyes Open 
Gamma T7 
-0.1315 
 
0.148 
 
-0.0435 
 
-0.2672 
 
-0.3366 
 
0.1718 
 
0.1184 
 
-0.0127 
 
Eyes Open 
Gamma T8 
-0.0743 
 
0.0312 
 
-0.0665 
 
-0.2914 
 
-0.2988 
 
0.1031 
 
0.1195 
 
-0.138 
 
Eyes Open 
Theta T7 
-0.0470 
 
-0.0688 
 
0.1281 
 
0.3913 
 
0.1866 
 
0.0023 
 
-0.2948 
 
-0.0394 
 
Eyes Open 
Theta T8 
-0.1311 
 
-0.2154 
 
-0.0173 
 
0.3163 
 
0.2349 
 
-0.1561 
 
-0.1699 
 
-0.2815 
 
Eyes Open 
Alpha T7 
-0.1145 
 
0.3316 
 
0.0434 
 
-0.1804 
 
-0.1631 
 
0.1217 
 
0.0789 
 
0.2013 
 
Eyes Open 
Alpha T8 
-0.0526 
 
-0.1482 
 
-0.0032 
 
-0.0312 0.0305 
 
-0.0783 
 
-0.0098 
 
-0.1141 
 
Eyes Open 
Beta T7 
-0.1918 
 
0.2581 
 
0.0206 
 
-0.2278 
 
-0.2706 
 
0.162 
 
0.0382 
 
0.1388 
 
Eyes Open 
Beta T8 
-0.0677 
 
0.0009 -0.0745 
 
-0.2821 
 
-0.2639 
 
0.0776 
 
0.0961 
 
-0.1311 
 
 
 MoCA Trail A Trail B Digit 
Symbol 
Ruff %tile 
speed 
Ruff %tile 
accuracy  
Total 
BWMT ACC 
Total 
BWMT RT 
 
 
2
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1
 
Imagine 
Gamma T7 
-0.0719 
 
0.0582 
 
-0.0639 
 
-0.2856 
 
-0.3252 
 
0.1344 
 
0.0796 
 
-0.0992 
 
Imagine 
Gamma T8 
-0.0460 
 
0.0565 
 
-0.0591 
 
-0.2967 
 
-0.297 
 
0.1691 
 
0.1107 
 
-0.0935 
 
Imagine 
Theta T7 
-0.0682 
 
-0.0418 
 
-0.0474 
 
0.2988 
 
0.1449 
 
0.0029 
 
-0.1448 
 
0.0596 
 
Imagine 
Theta T8 
0.0182 
 
-0.0558 
 
0.0592 
 
0.3042 
 
0.3042 
 
-0.1505 
 
-0.1339 
 
0.0959 
 
Imagine 
Alpha T7 
-0.2153 
 
0.0372 
 
0.1434 
 
0.1573 
 
-0.0873 
 
0.1361 
 
0.1484 
 
0.0315 
 
Imagine 
Alpha T8 
-0.1459 
 
0.0504 
 
0.1302 
 
0.0155 
 
0.0972 
 
-0.0583 
 
0.1344 
 
0.0918 
 
Imagine 
Beta T7 
-0.0946 
 
0.0635 
 
-0.0658 
 
-0.273 
 
-0.3459 
 
0.1691 
 
0.0511 
 
-0.0940 
 
Imagine 
Beta T8 
-0.0340 
 
0.0572 
 
-0.0545 
 
-0.3141 
 
-0.2907 
 
0.1215 
 
0.1221 
 
-0.0831 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
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9
2
 
Potential Relationship between Bluegrass Working Memory Task Trials and EEG Signatures 
 
 BWMT 
Match RT 
A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match 
ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
A1 
Gamma T7 
-0.252 
 
-0.219 
 
-0.2117 
 
-0.012 
 
0.1256 
 
-0.5418** -0.0157 
 
-0.0602 
 
A1 
Gamma T8 
-0.1237 
 
-0.1991 
 
-0.1717 
 
0.0588 
 
0.0630 
 
-0.3221 
 
0.2789 
 
0.1291 
 
A1 
Theta T7 
-0.2829 
 
-0.2201 
 
-0.2073 
 
-0.2383 
 
-0.0921 
 
-0.1045 
 
-0.0792 
 
0.0174 
 
A1 
Theta T8 
-0.0176 -0.2995 
 
-0.0011 -0.0931 
 
-0.0862 
 
-0.0600 -0.2289 
 
-0.5952*** 
 
A1 
Alpha T7 
-0.3521 
 
0.2007 
 
-0.2615 
 
-0.2219 
 
-0.0737 
 
-0.2515 
 
-0.1043 
 
-0.0132 
 
A1 
Alpha T8 
0.0821 
 
-0.1088 
 
0.187 
 
0.3049 
 
-0.4325* 
 
-0.1411 
 
0.3046 
 
0.0492 
 
A1 
Beta T7 
-0.3147 
 
-0.0885 
 
-0.2327 
 
-0.0984 
 
0.0429 
 
-0.4803** -0.0659 
 
-0.0609 
 
A1 
Beta T8 
-0.0271 -0.3645 
 
0.0181 
 
0.1957 
 
-0.1336 
 
-0.3062 
 
0.3277 
 
0.1583 
 
 
 BWMT 
Match RT 
A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match 
ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
A2 
Gamma T7 
-0.4276 
 
-0.349 
 
-0.4937** -0.2163 
 
0.1632 
 
-0.507** 0.1024 
 
0.0366 
 
A2 -0.2056 -0.3601 -0.2351 -0.1857 0.0963 -0.2387 0.1405 0.0579 
 
 
2
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3
 
Gamma T8         
A2 
Theta T7 
-0.252 
 
-0.3645 
 
-0.2222 
 
-0.2946 
 
-0.1279 
 
-0.1223 
 
-0.0289 
 
0.0279 
 
A2 
Theta T8 
-0.0511 0.0159 
 
-0.0664 -0.0198 
 
-0.1042 
 
0.0500 0.0647 
 
0.3938* 
 
A2 
Alpha T7 
-0.3011 
 
-0.3816* -0.2194 
 
-0.2812 
 
-0.0978 
 
-0.2069 
 
-0.0237 
 
0.0444 
 
A2 
Alpha T8 
0.0729 
 
0.0217 
 
0.1572 
 
0.1169 
 
-0.3558 
 
0.1001 
 
0.1605 
 
0.3577 
 
A2 
Beta T7 
-0.4112* 
 
-0.3919* 
 
-0.3687 
 
-0.3134 
 
0.0717 
 
-0.4733* 0.0434 
 
0.0199 
 
A2 
Beta T8 
-0.1086 
 
-0.2927 
 
-0.0166 -0.1234 
 
-0.0878 
 
-0.1884 
 
0.1619 
 
0.2402 
 
 
 BWMT 
Match RT 
A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match 
ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
Eyes 
Closed 
Gamma T7 
-0.153 
 
-0.2485 
 
-0.1061 
 
0.1333 
 
0.1093 
 
-0.0881 0.0713 
 
0.1059 
 
Eyes 
Closed 
Gamma T8 
-0.1579 
 
-0.3109 
 
-0.0982 
 
0.0726 
 
0.1274 
 
-0.1041 
 
0.0934 
 
0.1081 
 
Eyes 
Closed 
Theta T7 
0.0874 -0.0358 
 
-0.124 
 
-0.0013 0.2126 
 
0.2703 
 
-0.1407 
 
0.1461 
 
Eyes 
Closed 
Theta T8 
0.0281 
 
-0.0046 
 
-0.1533 
 
-0.154 
 
0.118 
 
0.3539 
 
-0.1196 
 
0.105 
 
 
 
2
9
4
 
Eyes 
Closed 
Alpha T7 
0.1837 
 
-0.0053 -0.0507 
 
0.1667 
 
0.2417 
 
0.3565 
 
-0.0844 
 
0.255 
 
Eyes 
Closed 
Alpha T8 
0.2859 
 
0.0977 
 
0.2265 
 
0.3372 
 
0.1215 
 
0.2368 
 
0.0516 
 
0.2367 
 
Eyes 
Closed 
Beta T7 
-0.0663 
 
-0.2124 
 
-0.0831 
 
0.1652 
 
0.1292 
 
0.0001 0.0526 
 
0.1438 
 
Eyes 
Closed 
Beta T8 
-0.1045 
 
-0.2504 
 
-0.0392 
 
0.1118 
 
0.116 
 
-0.0867 0.0999 
 
0.1163 
 
 
 BWMT 
Match RT 
A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match 
ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
Eyes Open 
Gamma T7 
-0.0582 
 
-0.2055 
 
0.0463 
 
0.2005 
 
0.0056 
 
-0.0397 
 
0.0283 
 
0.1471 
 
Eyes Open 
Gamma T8 
-0.1481 
 
-0.3283 
 
-0.0427 0.0518 
 
0.0967 
 
-0.1126 
 
0.0618 
 
0.0861 
 
Eyes Open 
Theta T7 
-0.0689 
 
-0.0190 
 
-0.0927 
 
0.0445 
 
-0.126 
 
-0.297 
 
-0.2074 
 
-0.1814 
 
Eyes Open 
Theta T8 
-0.1975 
 
-0.3291 
 
-0.2763 
 
-0.1993 
 
-0.0603 
 
-0.0345 -0.0652 
 
-0.1455 
 
Eyes Open 
Alpha T7 
0.2578 
 
-0.0215 
 
0.2009 
 
0.2794 
 
-0.1916 
 
0.1912 
 
0.1334 
 
0.1519 
 
Eyes Open 
Alpha T8 
-0.0785 -0.2992 
 
-0.1202 
 
0.109 
 
-0.0933 
 
0.0346 0.101 
 
0.0183 
 
Eyes Open 
Beta T7 
0.1322 
 
-0.1028 
 
0.1704 
 
0.3082 
 
-0.1396 
 
0.0127 0.0637 
 
0.1048 
 
 
 
2
9
5
 
Eyes Open 
Beta T8 
-0.1372 
 
-0.3401 
 
-0.0349 0.0695 
 
0.0734 
 
-0.1257 
 
0.0696 
 
0.0776 
 
 
 BWMT 
Match RT 
A1 
BWMT 
Match RT  
A2 
BWMT 
Non-
Match RT  
A1 
BWMT 
Non-
Match RT  
A2 
BWMT 
Match 
ACC  
A1 
BWMT 
Match 
ACC  
A2 
BWMT 
Non-
Match 
ACC 
 A1 
BWMT 
Non-Match 
ACC  
A2 
Imagine 
Gamma T7 
-0.1169 
 
-0.2872 
 
-0.0019 0.077 
 
0.0979 
 
-0.1191 
 
0.0049 
 
-0.0030 
 
Imagine 
Gamma T8 
-0.122 
 
-0.2596 
 
-0.0121 0.0835 
 
0.0926 
 
-0.1236 
 
0.0645 
 
0.0737 
 
Imagine 
Theta T7 
0.1673 
 
0.0848 
 
0.0693 
 
-0.1164 
 
0.0638 
 
0.1912 
 
-0.3659 
 
-0.46* 
 
Imagine 
Theta T8 
0.1238 
 
0.266 
 
0.0087 -0.0785 -0.0654 
 
0.1126 
 
-0.0995 
 
-0.1246 
 
Imagine 
Alpha T7 
0.1579 
 
-0.2431 
 
0.1523 
 
0.0342 
 
0.03231 
 
0.2013 
 
-
0.5438** 
-0.679**** 
Imagine 
Alpha T8 
0.0109 
 
0.0429 
 
-0.0475 
 
0.3561 
 
-0.0417 
 
0.2003 
 
0.0994 
 
0.1211 
 
Imagine 
Beta T7 
-0.0908 -0.3147 
 
0.0247 0.0680 
 
0.1061 
 
-0.0917 -0.0655 
 
-0.0965 
 
Imagine 
Beta T8 
-0.1101 
 
-0.2577 
 
-0.0010 0.0952 
 
0.0773 
 
-0.121 
 
0.0885 
 
0.1008 
 
 
Note. Significance found at the following levels; *p < .05.  ** p < .01. ***p < .001. ****p < .0001.  
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